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AN ACCOUNT, &c. 



^ I ^HE furvey from which thefe calculations have 
•* been made was taken at and about the hill Sche- 
hallien in Perthfliire, in the years 1774, I77S> ^^^ 
1776, by\he direction, and partly under the infpeilion, 
of the Rev. nevil maskelyne, d. d. f. r. s. and Aftro- 
nomer Royal, by whom the manner of making the fur- 
vey has already been fully explained in the Philofophi- 
cal Tranfadions for 1775. 

I have therefore only to give an account of the mea- 
fures of the lines and angles, and of the calculations 
which I have railed from them with all pofTiblc care and 
faithfulnefs, for the purpofc of determining the meafure 
of the ratio of the mean denfity of the earth to that of 
water or any other known matter. 

Thefe calculations were naturallv and unavoidablv 
long and tedious; and the more fo as the bulinefs was in 
a manner quite new, which laid me under the nccefllty 

A of 



2 Mr. hutton's Calculations to af certain 

of inventing and defcribing fuch modes of computa- 
tion as fliould be j^roper to be applied in fo important 
and delicate a bufinefs. Having, at length, with clofe 
and unwearied application for a confiderable time corn- 
pleated all the calculations; I have, in the following 
flieets, drawn up an account of thofe operations, with 
the refults ariling from them; and have accompa- 
nied them with fuch drawings as are neceflary to il- 
luftrate the defcriptions. I have alfo inferted a fynoplis 
of the meafures which were taken of the lines and an- 
gles, from which any perfon may at any time fatisfy 
himfelf of the truth of the computations that have been 
made and are herein defcribed. Thefe meafures I have 
here immediately fubjoined, before I proceed to defcribe. 
the computations made from them. 



Afynopjis 



'{• 



the mean Denfity of the Earth. 



Afynopjis of the horizontal and vertical angles that were 
obferved at the principal points in making the furvey 
about Schehallien. 

In the firft column are contained the names of the 
horizontal angles, the meafure of which, in degrees and 
minutes, are in the fecond column, and the vertical 
angles are in the third column, in which it is to be ob* 
ferved, that the letter denoting the cbjedt is placed before 
the degrees and minutes, and e or d after them, to fhew 
that they are in elevation or depreffion refpedtively* 
The mark # placed to the meafure of any angle denotes 
that it is the mean of the tw^o obfervations made with 
the inftrument turned different w^ays ; namely, after the 
firft obfervation, reverfing it to make the fecond. Alfo 
the mean height of the theodolite is put down to each 
ftation. In the vertical angles, the bottom of the objedl 
is undeiitood, unlefs where the top is mentioned below, 
and fometimes the height of the pole is added in feet 
and inches. 
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M"/C 
t.i"tm 
M /H 
m"(W 



1 heodoUte = 4 It. 8i in. 



32 24 jf 
3» S7i# 

S 14 # 

14 28 jf 

33 23i# 
46 22 * 
68 13 # 
68 IS * 

144 17 * 
90 52 » 

75 S6 * 
6458 * 
54 4i* 



i'8'W.of Konh. 

ic«ithK mdr. 

minedigidj iboTt or South of the molil 




Theodolite 
■47 5 * 
■33 6|* 

26 43 
o 34i* 

32 47i* 

32 48 

38 oj* 

47_I' * 



= 4 ft. 5 in. 
m'22# SjE 
>■ 24* iS « 

F 5 26 D 
f 9*23jD 
M"l3#25iD 

I 19 i; D 
» 12* 34 Jo 
H 7*49t° 



G^W 



/A? me^n B^nfifa sf t¥ Karib, 



II 





o y 


t 


■ r T 


' 


J 


GpVf 


68 3J* 


w 5#5^ii^ 


K-'O 


73 39 ^ 


33^5? i> 


Gp? 


76 5Si* 


p i3if49iD 


K«'^ 


28 4}* 


^' iS^S^jDtop 


CpL > 


79 oi* 


I- 4#39{D ^ 


K«V 1 


4 53I.*' 


y 7^351 ^op 


cpm' 


121 24 # 
179 37 * 


«' 4*SoJi> 
E i7*39iE 1 


K.'*'1 

> 


6^ 24 *' 

1 


r 3 4ji top 

Pole 17 ft. 4111. 


li^ is a pel 


c a little above or South of p. 1 


««V! 


13 48 * 


/ U;>fS4iD 




1 


.ta'a' ! 


« 36i* 


«' 8* 3iD 




1 


Atjw' 






£»K 

■j 


? 49i* 


V 

E 6 30 D . 


omfvi' 
cm'}' 


131 " * 


^ 24.i^I2i£ 


i 






.. .^ 


•**••• "^ '• * •. 1 ^ 4.vf n 


Gm'p 


57 53i* 


^ 2.#47.p 1 


Ate*? 


Theodolite = 4 ft. 9 in. 4 


om'j 


3443 


^ .10 J5 .p 


the Sou^H^ 
eail pole. 




1 


Gm'v 


13 » * 


F S^1^2jD 








cm'?' 


•0 29i* 


P' 19 if 19 D 


a'iS'o 


56 4^7 # 


2I#45|J3 


Gm'M'^ 


32 a9i# 


M"i3^23io 


• 


62 2ljif 


b' loif a8jD 


got'p * 


3-7 6 # 


p i8#i6|o 


»'^R 


84 46 # 


R is#i7 D 


; cm'm 


37 49l* 


/» I2#36§D 


a'jSM 


96 41 # 


M I7# 3|D 


g/h'h' 


47 »o * 


H 7 #49 D 


.'j3'K 


114 8|-^ 


•' 'S^f^iE 


om'w 


68 II # 


w 5^49iD 










1 


1 


g;w'l 


79 »7i* 


L 4#4o|d 1 

1 


At.y' 


1 

.Tl>cq^qliie = 4/1.4 in. 


Gm'E 


177 53 * 


,E i7#S4 B 1 


1 

thcNpith- 
cafl polei 






^ 










Atm 






I 






1 

PmK 


15 57 


K 1.5 E 


Ky'p 


56 5Sl* 


p i8^f 3|D 

1 


Vma 


37 " 


P 12 27 E 


n// 


55 i2l 

SPk* 


t 17 49}d 
« 7 15 E 




• 




the Soudu 


Theodolite,— 4 ft. 11 in, 
.1 


Ny'^' 


8 171* 


*' 7*59*8 


weft pole. 






Ny,a . 


14 17 # 


•' 1*1^ E 


K»'-« ; 


M9 3 ^ 


'^ 6ijf43|p 


Ny'K 


I5» 54i* 


• 

J' i,*,34§i 


iCa'B' 


ij' 3 * 








.N 7>.23|E ! 


K» R 


102 7}# 


R 20# 9 D 









B2 



At 



# 
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At^ 

thcNorth- 
vvctt pole 

k>'m' 


'iheodolite 

/ 

2 53 * 

4 29 * 

73 2o|* 

74 3Sl* 
108 48i* 

164 l^l^ 
108 56 # 

9 Si* 

113 20|^ 
70 14{:>f 


: = 4 ft. 4 in. 

M'l2#36fD 

/ 8^ 8iD 

w/24:>f 9|Dtop 
p 24#l6|Dtop 
a I2# 8|Dt0p 

Pole 4 ft. 4 in. 
N 6^ 8iDtop 

K 7# 3 D 

B 6*49* IX 
a 8#5QiD 

t 24 20|d 


At if 
/'iF' 


1 heodoiite 

/ 
4 4» 

34 47 

37 »3 


= 4 it. lOj in. 
/ 

F 5 II E 
« 27 D 
e 52 D 
/' 26 E 


At J 
baK 
bas 
bavi 
bah 


Theodolite 

113 S7f 

155 24 
80 40 

5948 


= 4 ft- 8i in. 

K 14 45 £ 
Top of the cairn. 


Atb 
abm 
abs 


Theodolite 

43 35 
18 49 


= 4 ft. 6 In. 
K 13 32 E 

Nil 26 

^ 5 39 


AtF' 

df'« 
df'p 
df'« 

D£'0 
DF'y 

Dt't' 


Theodolite 
56 24i'tj* 

77 37i* 
174 4oJ# 

124 47 * 
103 4 * 

77 42 


= 4 ft» 7i in* 

« 8#I2fD 
l0^f30}D 
y 8 * 284d 
D 7^11 E 


Aid 

cds 

cdG 

cdH 

cdis 


Theodolite 
14 II 

34 53 

163 27 
III 12 


= 4 ft, 9 in. 
Nil 33 B 

H 6 36 D 
L 6 42 D 


Ale 

dcL 

den 

dcG 

dcK 

dev 


Theodolite 

49 34 * 

97 9 * 

136 9i* 

144 20 


1' 

=r 4 ft. 8 in. 

L 7#2I|D 

H 9#i7|D 

4^58 D 

K i4*35iK 

F 4 24 D 


Alt' 

0t'f' 

v't'Jt 


Theodolitv 

57 7 
115 32 

172 38 


= 4 ft. 10 in. 
e i#37fD 

^ 41 D 
F' 7*SOjE 



At 



% 



the mean Denjity of the Earth, 



13 



nX.a' 


Theodolite = 4 ft. 10 in. | 


At.' 


Theodolite = 4 ft. 8} in. | 


EaV 


102 48 -if 


»' 7^ts6 B 


4^c'b' 


121 I2|if. 


A' 6# 'l E 


E«'y 


97 51* 


>' SiflO B 






a' 9^$ 6 E 


za'b' 
E«V 
E«'/ 


65 sH* 

Si 6 ■)(■ 

108 2li* 


4' 6# 4iD 
<' 2*34i" 

E 7 19B 








At/ 

• 


Theodolite 
169 I4|# 


= 4 ft. 5 in. 

•' I2:>f3S{E 

a' 2 48 D 


Mb' 


Theodolite = 4 ft. 9,1 in. 




eva' 


36 4ii* 


«' S*44iE 






c'b'R 


52 26i# 


E 8^4liE 


, 








^ 4 41 D 







Several other angles and bearing of objects were taken, 
which, being of no ufe in computing the attraction of. 
the hill, are here omitted*. 

The foregoing tables, containing all the angles col-- 
ledled together which were obferved at the fame point, 
include all the horizontal angles that were at different 
times taken for afcertaining the relative places of the 
principal points and. objects on a horizontal plane. The 
numerous other angles ufed,in finding the fe6tions of the 
ground, are given hereafter, with their computed refults 
annexed to them* 

We now proceed to fpeak of the two principal bafes 
which were accurately meafured, as foundations on 
which every thing elfe muft depend ; and firft. 



Of 



14 Mr, hutton's Calcttlatkns to «fc€rtain 



bf tht Meajun of tht bafe rb" in Glenmore, the valley on 
the So'utb of Schehallien, taken the i 6a&, &c. of Sept. 

"1 7 7 4- 

Here a and b are the names <af the two meafuring 
rods, which were laid down altenaately m <tJ»e order as 
expreffed in the following tatie 'of meitflrres. The 
lengths of thefe rods, by the brafs ftan<Bard, when the 
thi^rmometer was afCal, were thus, viz. 

The numbers following each rtjd, "with the fign •+ inter- 
p6fed, atte inifhes an^ -decimal jjarts; andlftjey dentite the 
dlftaiide l^ieyoftd the^end'df 'eadi foti tofhe beginning of 
#ife tittft 'following rod ; ^aii^, •therefore, -flue ftim c(f all 
■<h6fe htimbers miift be added *totiie'fam of the lengths 
<>f the itods fhemifehres for the 'tdtall of the meaforcs. 
XHb, ^s'tlie firtt rod began at i feet ^ inches from the 
point R, this riumber is to'be'adtie'dtD thetotal laft raen- 
doned, to give the meafure of the whole bafe from Rto "b". 



A + 8*29 



tbe mean Denjity of the Earth. 



ir 



A +8»29 

B +2-53 

A +6-11 

B +6-66 
A +a-79 

B +I'20 
A +2-07 
JB +4*80 
A +0'CXI 
B +178 

A + y29 

^ +2-85 

B +4-86 
A +6-o8 

44 +9*07 

A +2*28 

B +7-47 

A +240 

« +SH2 

/A -+7*42 

« +8-14 

A +877 



B +3-4S 

A +3-80 
B +6*64 
A +7 76 
fi +3-28 
A +4-87 
B +^1« 
A +870 
A* +7-87 

B +4'7S 

A +6-56 

B +S*J14 
A +7-90 

B +6'^? 
A +6'92 

•B +7*28 
A +634 

B +*'93 

A +5*39 

B +J'20 

A +3*54 

*A ?hSUO 

^ +i:S4 
A +3'74 



B +7'22 

A +1-91 

B +446 

A +195 
B +2'jt6 . 

A +454 
B +4-4> 
A +3*H 

B +3-3? 
A +500 
B +4*85 

B +3-44 
A +6- 1 8 

B +4'i9 
A +4-51 
Ja +3'<H 
A T»-4*S7 

B +2*96 

A +2*47 
B +3-90 

A +4-«7 
B +4'83 



A +3'34 
B +3*65 

A +6*96 
B +3*07 
A + 3-55 

« +2'93 

A +5-53 

3 +^'33 
A +4*38 

B +3*57 

A -k-S'l^ 

SL + 106 

A +5*96 

B +2-47 

A +3-84 

B +5*57 

A 4-2*63 

B 4-7*41 

A -f 3-M 
B 4-174 
A 4-2'07 

« +4^33 
A +5^3 

B +6-36 



A +4-47 
B +375 
A +474 

B +306 
A +2-58 

B +4'i5 
A +l*lf> 
B +464 

A 4- 3*26 
B +4'i8 

A +4*04 
B +2*92 

A +3-10 

B +S'II 

A +4'6i 
B +3'34 

A +2-5f 

B +5'8o 

-A +3-37 
B +2-58 

A 4- 2*24 

B +3-48 
A +'2 95 

B +288 



A +3*69 

B +4*07- 
A + y 75 

B +4*65. 

A +4X)7 

B +3-23 

A +4-i6 

B +5-73 
A +4'ia 

B +4'9i 

A +3*i8 

B +3-91 

A +5-28 

3 +290 

A +4-39* 

B +4-3> 

A +3'29. 

B +2'I2 

A +2-95 

B +3-30 

A +2'82 

B +3 97 
A +1-37 

B +0'CX> 



The fum.of all thefe is 74^+733+669*28 iucbes, 

or 74A + 73B+55V773 feet, incUid- 
iiig the 2 feet 8 inches at the be- 
ginning of the meafurement. 



Now 
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Now 74Ais= i487'73892 >; - . V ; . ^^ 






73Bis = 1468*04825 l-'-j ■-♦ V ;... 

The odd parts 55-773 4V'^- 



\ .1 



Sum 3011* 5 6017= the baf^F unreduced. 

But a redudtion of this muft be here made according 
to the ftate of the thermometer, and for the wearing of 
the brafs 5 feet ftandard (fee Phil. Tranf. vol. LVIII. for 
the year 1768, p. 313, &c.). Now the difference 
between 6a^ and 62| being |, therefore 3011*56 
><r8^5S^x><|= 3011-56 X ^yll^ feet, is 

the fmall correction on account of the thermometer, 
and which being added makes the number become 
301 1*584 for the length of the bafe as reduced to the 
ftate of 62"^ of FAHRENHEIT'S thermometer. But the 
brafs rod had been t^^I^ of an inch Ihortened by w^ear- 
ing, and it was originally To^th of an inch (horter than 
the Royal Society's brafs ftandard yard, fo that it is now 
yl^th inch ftiorter than that ftandard in the length of 
3 feet, or jg^ooth part of the whole ; therefore fubtradt- 
ing the Tg^oo*^ P^rt, or •167 from the above quantity, 
there remains 301 1 '41 7 feet for the corrected meafure 
of this bafe, or the true length of the line rb''. 

The above meafures, as far as to that marked ^ in- 
xlufively, together with 10 feet lOj inches more, reach 

to 



the mean DenJIty of the Earth. 17 

to a place to which they had before meafured with the 
tape line, and by it found to be 2 8 44* 8 feet; while 
the meafure of the fame by the rods is found to be 
2839*3 feet. The difference is 57 feet, a fmall part of 
which might be owing to the unliable ftate of the wooden 
Hands ufed in the firft quarter of the bafc; but the 
greater part of this diflference is more likely to be owing 
to the uncertain way of meafuring with a tape, which, 
to fay nothing of the ground not being quite level, is 
liable to be ftretched more or lefs in length with dif- 
ferent degrees of tenlion, and to be varioufly warped in 
length by moifture. 



Of the meafurement of the bafe aj^y in Rannoch, to the 

Nortb-we/l of the bill of Schehallien. 

1 . One part of this bafe was meafured twice over in 
different ways. The part u^ was carefully meafured on 
the 8th of OcStober 1774 with a chain, and found to be 
6^ chains and 40^ links, or 63*405 chains in length. 

Now on the 24th of the fame month the chain was 
meafured by means of the five-feet brafs llandard, when 
the thermometer was at sS^'j, and the length found to be 
65*94542 feet. Hence then 65*94542 x 63*405 = 
4181*269 is the length of all the chains, to which, add- 

G ing 



1 8 Mr, HVTTON'is e^lcfikU^s /9 afcprtam 

i^g 1*764 t^ bre^dtlji of tfe^ 63 .irop piQ5, the fuxn if» 
4|[ 83*055 ^r the }£{igt]^ ^ (^^ vaic&fseStdH^ 

=r- if,©56 ie ^lj(e re^pOiqn op 9€CPW1^ lof the ijate of the 
therflapBO^er, >y^c^ heaag. appjied ^fth i|» pRoppr fign^ 
t^epe pefujtjs 41 8 f '977 ; fw^i froqa rhis la/Jr ijwsaber icjp^ 

d^Wg. *g.Wiv 7fr57o*fe P^ or > 32^ on aocounj: of ^he 
>ye.a]F^ng of t)i<s hra^ ft^pJafif, Jl^e )th<epi peoja^i^ 
41 ^f '745 feet ^ t^e kpgth ^ the part a/^ of the ]i^ 

ia Baofluftch, as floesf^re^ J?y tj^ clja^ff . 

6jit gs the gh^ wgs ^iipafu^ed niot ^ the £une HjpQf^ 
with the bafe, but between two and thrfie weeks lateTi. 
when the air was probably cooler, the redwdion above 
made iot the ftate of the thermometer is perhaps ibme« 
thing too great, and we may fafely con.clude «j8 to be 
equal 41 82 feet as meafured by the chain» 

%. The whole ba^ie m^fy was next, pn the loth, i ith,, 
iod z ath of Odipber, very carefully meafured by the 
twenty-feet m^afuriag rods. The rods at that time mea<r 

fared thus, (* = »«» ^^ '-SO* uich.= 20-io8i i 

LB = 20 ft. -f- ^^354 Ujch. = 20*1 1 2^ J 

the thermometer being then at 40**. The number of 

rpds and the additional parts i^iere a$ follows* 



A +4*4^ 



ihiMiah tifijiiy bf m nm». 



<^ 



A+4-19 ' 


A 43-r9 


» 41*73 


B +3-112 


B +2*43 


B +r»7 


a +3'i9 


B 43-^3 


A 42*41 


A +3*i6 


A+i-$7 


A +2-38 


A 44-57 


A43*iS 


B 42«99 


B +2*07 - 


B +1-74 


B +267 


s 4 Ha 


B 44-r9 


A 4^'&2 


A 4-2*22 


A +2*84 


A +207 


A +3-«4 


A 44*o6 


B 42*r8 


B +4-«3 


B +3-65 


B +1*84 


• +3i* 


» 43*94 


A +a*7a 


A +rs9 


A 41*62 


A +4*03 


A +4*5o 


A 43**4 


B +3*02 


B +a*68 


B +f27 


B +172 


• +r6a 


B 43*a3 


A 42*46 


A +a 09 


A 42-38 


A +2-14 


A +4-88 ; 


A 43*76 


B 4368 


B 4x 97 


B +2*36 


B -t-i"8o 


» +a-74 


B 4a i6 


A «f2-62 


A+I-4B 


A +a-57 


A +f27 


A +3*4 


A 4338 


B 4a7a 


B +3*^ 


B +2*67 


B +18S 


•« 44'30 


B 43**9 


A +3 33 


A +2*62 


A +2-48 


A +2-36 


A 43*5° 


A 43*65 


B 42*93 


B +2*37 


B +231 


B +2*04 


B +3'26 


B 43'5» 


A 43*H 


A +2-47 


A +2*28 


A +2*57 


A 41*96 


A 43*88 


B 42*93 


B HP 3-48 


B +3-96 


B +1-77 


B 43*3* 


B 42*29 


A +2*40 


A +3*x6 


A +4-87 


A +X'66 


A 45 93 


A +3' 13 


B 4-2*06 


B ^3*50 


B +2*61 


B +2*26 


8 4560 


B 43*71 


A 43*^3 


A +2-33 


A +2*22 


A + 1-97 


A -VVAl 


A +3-13 


B +2*57 


B +2-37 


B +1-63 


B +I77' 


■ +3-87 


B +3«I3 


A +2:85 

t 


. A +2-68 


A +i'87 


A + 2^63 


-A 46'37 


, A 45*43 


B +287 


B +2 68 

j 


B +2*41 


B +3'.i8 


B 43-4^ 


B 43'oB 


A +4-12 


A +276 


A 4-2'62 


■ A + 2-09 


X •|-4'86 


' A 43*57 


'i +rio 


1 > ■ • •. 

' B +2*68 


* B +2*09 


' B 4- 174 


» 44*87 


B 45*68 


: A +i-6e 


! A +2^5 


; a' +2*27 


A + 27+ 


A +308 


. A 43*8g 


-B +217 

1 * 


B -f 309 


B 4 3-02 


: B +449 


B +367 


B 42*78 


A +213 


A +2*50 


A +2-41 


A +2'6b 


A +3-2^ 


■ A +3-27 


b' +2-17 


B +rs2 


B +rs3 


B +2*4$ 


» 43'43 


B +1*84 


A +3*12 


A +2*62 


A -hi*84 


A +1-41 


A +4*82 


A +0'00 


B +2*70 


B +2'43 


B +2*68 


B +2*67 


B 44*46 


a43'»4 


A +3 17 


A +3*01 


A +2-37 


A + 1-98 ' 



41% 



8+2*96 
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B +2*96 


A +1-66 


B +2'77 


B +2'37 


B +1-86 


B +2*49. 


Jl +2*27 


B +I-S3 


A +2*09 


A +21-86 


A +2-33 


A +2'H 


B. +2'6o 


A + i-8o 


B +2'I4 


B +2*42 


B + 2-65 


B +3-03 


A, +3 08 


B +3-53 


A +2-45 


A +2'l6 


A +2-14 


A +2*67 


B +2*23 


A +2'45 


B +2*98 


B +2'2I . 


B +235 


B +2-43 


A, +4-70 


B +0'00* 


A +2*40 


A +275 


A +2-43 


A +i'93 


B +2*28 


A +2-36 


B +250 


B +2*03 


B +2*59 


B +275 


A +179 


B +2*75 


A +2'82 


A +273 


A +2-48 


A +1*99 


B +1-83 


A +r77 


B +2*37 


B +2-I4 


B +2*48 


B +2*17 


A +274 


B +rSS 


A +2*76 


A +I-S7 


A +2*91 


A +1-83 


B. +2*48 


A +1-97 


B +2'9I 


B +177 


B +2-47 


B +1-93 


A +2-23 


B +2'04 


A +2-58 


A +2*21 


A +i-8o 


A +1-65 


B +1*66 


A +2-56 


B +2*34 


B +2'1I 


B +1-99 


B +I'04 


A +3-08 


B +2'I5 


A +2-86 


A +2-99 


A +2-8l 


A +1*96 


B +2*31 


A +2*26 


B +2'67 


B +2'06 


B +2-44 


B +277 


A + 2'20 


B +237 


A +2'I9 


A +2*36 


A +207 


A +225 


B +3-06 


A +1-94 


B +2'37 


B +177 


B +2-44 


B +179 


A +. 2-361 


B +1-97 


A +2-93 


A +166 


A +2*I1 


A +0'0O 


B +2*24 


A +1-94 











Of the foregoing meafures, the fum of all from the 
beginning to that marked % inclufively, together with 
1 3 feet 2 inches more, brings us to the point jS before 
meafnred to by the chain. Now to this place, by adding 
together the meafures, there are found to be i o 3 a and. 
102 B, and the fum of the parts is 586*7 1 inches.. 



Thea 
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« 

Then 103 a= 103 x 20'io8| = 2071*210 

102 B =102 X 20*1 1 21=2051*509. 

586*71 inches = 48*893, 

13 ft, 2 inch. = 13*167 

Hence u jS (unreduced) is 4 1 8 4* 7 7 9 

But fince 62 - 40 = 22, therefore the redudtion for the 
ftate of the air is - 22 x ^^/^^q^ x 4185 = -'989, which 
being applied to the above fum, there remains 4183*79 
as correfponding to the ftate of 62"^ of the thermometer. 
From this laft number deduct its -jj^th part, viz. '232, 
and there relults 41 83*558 for the correct length of the 
part a^ ^ determined by this very accurate method; 
which is but about a foot and a half more than what it 
was found to be by the lefs accurate meafure by the 
chain, which is a nearer approach to an equality than 
could well be expedted.. 

To determine now the whole length of the bafe a y r 
by taking the whole fums there are found to be 146 a. 
with 144B and 779*78 inches of the odd parts. 
Then 146 a = 146 x 20*io8|= 2935*890^ 
144B = 144 X 20*1121=2896*248 
779*78 inches = 64*982 



The fum or « y (unreduced) is 5897*120 



Thff 
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X 5897 = -*• 394, which being applied fa the number 
above, thert refults 5895.726; and this again being di- 
minilhed by its Tg^soth part, or '327, there remains 
5895*399 feet, for the corred meafure of the bafe«v 
in the vale of Rannoch. 

There is no occalion here td explain the manner of 
meafuring thefe two bafes by the twenty-foot rods, as that 
his been very drcumftantially done in vol. LXV. of the 
Phil. Tranf. for the year 1775, by the rev. t>t. maske- 
LtNE, the leartied arid accurate condu^r of this very 
important experiment. 

The following fliorter lineS were alfo meafured asthey 
happened to be wanted in different parts of the Purvey. 

Feet. Inch. 

iC^' = 369- 4 ] 

, > nearly horizontal. 
N«= 93 6J 

Ki = 94 It 

Kit = 240 ID 

ae =r <> 9* 

an ^ 7 16 




ndthbnzbntal. 
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The other meaAjj:j?s that were taken for dej:eHnining 

the feiStwns wUl he delivered afterwards, whex) the re-? 

fiilts or cgmpuXed ajtiitudes h^ye been obtained, in order 

to he placed pppofke to their porrefppnjdejit singles. 

H»yhi§ pow ^btaifljed, tq a great jdegrpe of accuracy^ 
the mjeafured lengths of j:wo lines which were to ferva 
a3 b/^i/es fpr ^ijil the future ealcujajions, the ppxt ppp^der 
ration was how to pjake the proper^e/jt ufe of thenj. 
Eyery othier Iwxe jpr 4^ance, drawn or coi^ivcd tp h(? 
dr^n, muft be calci^^ted from them by the lielp of the 
apgJ^ pbfcrv^ eithpr at thpii^ ejctremities^ pr :^ alj th^ 
Qther ppints and ftations in the fijryjey ?nd plqtn* As thejGe 
two bates iar^ fituated in the low parts of the qpuntry^ 
frpm whence but a very few of the other pryicipal Ita-^ 
tions are viliblie, one method eyidentjy is to compute im*- 
mediately fropi thefe bafes fnch pf the grea|t l^l.es in the 
furvey whofe extremities ^ire vifible from them; and 
then from thefe c^culated lines to compute others nexjC^ 
to them, and fo on quite around and within the whole 
figure. In this manner feveral values of each Jine will 
ariie, both from the double computations by thp two^ 
mca0]xed baies^ and frpm the varioys i]et$ pf triangle^ 
which can be forpoed from the very numerous ho- 
rizontal angjes which were obferved at thp feyeral 
ftations^ But in thJis mode of computation^ after 

great 
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great labour and pains, I had frequently the mortifica- 
tion to find that the feveral values of the fame lines 
would differ fo greatly one from another, that I was 
often very doubtful whether I could rely on any of them, 
or even on the mean among them all. Thefe differences 
arofe from the fmall eiTors in the obferved angles, which 
in fome degree are unavoidable ; and indeed they were 
ixi fmall, that the fum of the angles of the feveral tri- 
angles which were ufed in the calculation feldom dif- 
fered by more than a minute or two from 1 80^. But in 
a long conne<Sted chain of triangles, dependant on one 
another, the effedlsof fuch fmall errors at length be- 
come too great to be tolerated in a computation requiring 
much accuracy. Another method is, firft to compute 
from both bafes the length of the line kn extended along 
the ridge of the hill from Ealt to Wefl, and from it, as a 
fecondary bafe, compute ail the other lines in the plan* 
This method admits of much more accuracy than the 
former, fuppofing this fecondary bafe to be truly af- 
ligned; becaufe that, from the elevated and central fitua- 
tion of this line, all or mofl of the other points in the 
furvey are vifible from one or both of its extremities, by 
which it happens that the other lines are moflly deter- 
minable from it alone, without fo clofe a connexion with 
^ne another as 4n the other method of computation. By 

both 
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both of thefe methods then, and by all the triangles 
furnifhed by eacli of them, I computed all the princi- 
pal lines in the plan, and either took a mean among the 
feveral values of each, or elfe feledted out of them fuch 
one as from various circumftances I judged it fafeft to rely 
upon, as neareft the truth. The trigonometrical compu* 
tations were always accurately made, and generally re-- 
peated by logarithms, and the refult of every proportion 
determined to two or three places of decimals. I fliall 
here abftradt the mean or corrected values of fome of 
the principal lines or horizontal diftances fo computed, as 
well as the fecondary bafe kn from the Eaftem to the 
Weftem cairn. 

The mean among a great number of ways of compu- 
tation from the South bafe gives the horizontal diftance 
from K to N = 4052*2, and the mean of all the refults 
from the North bafe ajSy gives kn = 4058*9, and the 
mean between thefe two gives 4055*5 for the mean 
diftanceof k and n. And this value of kn was ufed in 
computing moft of the other lines, whofe mean refults 
are as here follows. 
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oiy = 5895*4 the Northern bafe in Rannoch. 
rb'' = 30 1 1*4 the Southern bafe in Glerimore. 



NK =4055*5 tne ciiitano 


e or tne two ca 


irns. 


RA =5670 


NR = 5545 KR = 595a 


OR =3582 


AB =1489 


nb"= 6053 


K.F = 8227 


ob'' =5466 


BC =4506 


NA = 5941 


KG = 8036 


OA =6769 


CD = 775 


nb = 6573 


KH = 7748 


OS =3271 


DF =7388 


NC = 7797 KW = 7603 


ox =4079 


FG =1166 


ND = 7657 


KL = 8335 


ou =6061 


GH =4068 


NF = 5980 


KY =10008 


oz =9073 


HW = 2118 


NG = 6370 


KV =10215 


OM =3317 


WL = I 8 1 6 


NH = 8195 
NW = 9059 


KO = 2615 
•KP = 3221 




LY =7085 




YV =3636 


NL =10405 


Ka =13710 


MS = 381 


VT =2645 


NY =13752 


Kj8 =15404 


T^ =1335 


Tz =4393 


NS = 5795 


km' = 1817 


ze =3719 


zu =4132 


NO = 2875 


K(J'= 2528 


f'd =6430 


ux =1984 


NP = 3271 


ma = 3326 


F'F =3934 


xs =2378 


Na =11876 


k^ = 4409 


Y'f =4098 


SR =1410 


N^ = 5899 
N^ = 7614 




t'k =2327 






u'b =1172 




^fj = 3381 


PG = 4815 


ab =1843 




N^'= 1585 


PH = 5196 


cd =1750 



From the three firft lines, or bafes, and the horizontal 
angles obferved at the feveral ftations, a very large and 
accurate plan of the whole furvey was conftrudted, form- 
ing a map of four feet long by four feet broad, which 
was verified in every part by the meafures of the com- 
puted 
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puted lines, both thofe above-written and others, and 
they were generally found to agree very exactly, accord- 
ing to the fcale by which the plan was conftnidled. The 
ufe of this large map was to receive and admit of the 
diftincSl and accurate exhibition of the figures in their 
true places, expreffing the number of feet in elevation or 
depreffion with refpedt to each obfervatory of every 
point and fedtion of the ground whofe elevation or 
depreflion might be obferved. But before I proceed to 
the computation and conftrudtion of the points in the 
fedtions, I Ihall here abftradt the numbers which exprefs 
the relative elevation of the principal original points in 
the furvey, being the extremes of the lines whofe lengths 
are above abftradted. Thefe few numbers are the refults 
of the calculation of feveral hundreds of triangles con- 
ceived in a vertical pofition, their bafes being either the 
horizontal lines above-written, or other lines drawn as 
diagonals between many diftant points in the furvey, ac- 
cording to the number of vertical angles which had been 
obferved; and of thefe bafes, whether real or imaginary, 
each generally afforded two vertical triangles, as the 
angles of elevation and depreffion were taken alternately 
at both ends of the lines. It is fcarcely neceflary to re- 
mark, that all thefe triangles are right-angled, the com- 
mon bafe being one of the fides about the right angle, i 
and the other the difference in altitude between the two 

D 2 given 



28 Mr. button's Calculations to afcgrtain 

given points or extremes of the bafe; and this diffecence 
in altitude is found from the application of this propor- 
tion, as radius is to the tangent of the angle of elevatioa 
or depreflion, fo is the given bafe to the altitudinal dif- 
ference between the two given points, exclufive of the 
height of the theodolite or other inflrument, which was 
afterwards allowed for. From the refolution of all thefir 
triangles, and taking the means of the many correfpond- 
ing refultSj were obtained the following numbers^ which 
ftiew how many feet the points denoted by the letters 
Handing againft them are below the level of the point n 
or the Weftern cairn. They are all referred to this point 
N at the Weftern extremity of the ridge of the hill, be-^ 
caufe it is the moft elevated pdLnt ia the whole furvey*. 



o 1184 

P 1457 

K 480 

R 1948 

B^' 1920 

a 2898 

jS 2901 



y 2898 


H 2143 


u 1613 


A 1303 


w 2024. 


X 1996 


B 13T3 


L 2006 


s 1964 


c 1384 


y as35 


a 1012 


D 1445 


V 2119 


b 823 


F 1904 


T 2II4 


e 1364 


G 193s 


z 1815 


d 1539 



e 2145 

M 1958 

m' 324- 
f' 2246 

f 2815 

$' 17a. 



Thefe depreflions, and tbofe of fereral other principal^^ 
points, were firft carefully computed by means of vari- 
ous different bafes, as fo many places from^ whence the 
fe<Stions were to commence. 



Thele 
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Thcfe fedtions are very numerous, made in all direc- 
tions from the primitive points before mentioned, and 
many of them extended to great diftances far beyond the 
bounds of the plan hereunto annexed, fb as to include 
the neareft hills and valleys of the lurrounding country. 
They are moftly made in vertical planes in the manner 
defcribed in the article of the Phil. Tranf. before refer- 
red to, excepting fome few of them which are level fec- 
tions in planes parallel to the horizon,, and fome indeed 
iirregular as being neither vertical nor horizontal. To 
compute the relative altitude of each point in thefe fee- 
tioQS, it is evident, requires the refolution of two dif^rent 
triangles, viz. a horizontal triangle by which its place in^ 
the plan is afcertained^ and a vertical triangle of which 
one fide is the elevation or deprefl5:on of the point. Of 
tiieie fedlions there are above 70, containing near 1000 
points,, wbofe places in the plan and relative altitudes* 
have been computed : fo that the number of triangles,., 
whofe numerical refolutions have been performed in the 
€0«urfie of this buiinefs,. amounts te feveral tboufands* 

Before the abftra(5t of the computatioaof the feddons,. 
I fhall here put down at large the calculation of one of 
them, to fhew the manner in which they have been com- 
puted in the readieft and eafieft way tliat occurred to me,, 
preferving at the fame time the proper degree of accu- 
racy- 
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racy. I fliall for this purpofe feledt the third fedtioii as 
not containing fo many poles as fome of the others. This 
fedlion commences at s, and is car^ 
ried up the hill in a vertical plane, 
making an angle of 105^ with the 
line Rs. The diredtion of this 
plane is here reprefented by the 
line ^ppp making with rs the an- 

Leaves z.R+/.^zi 75 

gle RS/)= I o 5'', The points />/>/> &c. 
mark the places of the poles, whofe angles of elevation 
or depreffion were taken at s with a proper inftrument, 
and they are written in the fecond column of the table in 
this example. At r were obferved the feveral horizontal 
angles, which lines fuppofed to be drawn from thence 
made, with rs, and thefe are placed in the third column. 
And lince in every triangle rs/), the angle s is conftant, 
and the fum of r and p is equal to the conftant quantity 
75^: therefore each of the angles r, or the numbers in 
the third column, being fubtra6ted from 75% there re- 
mains the correfponding angle p : and thefe remainders 
are placed in the fourth column. Then, fince the me- 
thod of folution is this, as f./) : f.R : : rs : s/>= n ^ ^^ ' ^^^ 
again, as radius (i) : tang. elev. : : s/) : alt. of/) above s = 

f R 

s/>x tang. elev. = r: x rs x tang. elev. Or in logarithms 

f.R 
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f.R-f.^+RS +tang. elev.=log, of the altitude of the point. 
Wherefore having taken, from a table, the fines of r and 
/>, and placed them in the fifth and fixth columns, fub- 
tradt the latter from the former, and write the remain- 
ders in the next or feventh column ; to thefe add the con- 
flant logarithm of rs, and write the fums in the eighth 
column ; take out then the tangents of the angles in the 
fecond column, and having placed them in the ninth co- 
lumn, add together the adjacent numbers of the eighth 
and ninth columns, placing the fums in the tenth co- 
lumn, which being the logarithms of the altitudes or 
depreflions of the points />, take the correfponding num- 
bers from a table .of logarithms, and write them in the 
eleventh or lafl column, for thofe altitudes or depreffions^ 
with refpedt to the point s, with the height of the theo- 
dolite included, and which is afterwards allowed for, its 
height being generally about 4^ or 4| feet. In the fecond 
column D denotes depreffion and e elevation; in the laft 
column D denotes depreflion and a altitude. 



N: 
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Thus then every line in the table contains the folutions 
of the two triangles, the one horizontal and the other 
vertical, ufed in finding the altitude of eadi point or pole 
in the fedtion. The addition of the conftant logarithm of 
the bafe rs to the logarithms in the feventh column, is 
moft eafily performed by writing it on the bottom of a 
little flip of paper, and fo Aiding it down fucceflively 
over each of thofe numbers, and in that pofition adding 
them together, and placing the fums immediately oppo- 
site in the next column. 

And in this manner were computed the relative alti- 
tudes of the points in the other vertical fedlions; excepN 
ing two or three cafes, in which the conftant angle formed 
by the fedlion and the bafe was a right angle; and one 
cafe in which the vertical angles were not taken at the 
beginning of the fedtion line, but at the other end of the 
bafe line where the horizontal angles were alfo obferved. 
It may be neceffary, therefore, to infer t and explain an 
example of each of thefe cafes, and the more fo as they 
point out the proj)ereft means of meafuring thefe fac- 
tions fo as to fave moft part of the labour in the compu- 
tation, in which the trouble chiefly confifts^ 

Of the cafe of the right angle, the /I P 

firft fedtion is an inftance, where alfo rs / ..^ 

is the bafe as before, and the angle Ksp y^^-"'^ 
being = 90^ r 5 

D Poles. 
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Poles. 
I 


Dep. and 
Llcv.at s. 


Horiz. 
Ang. atR. 


Tang, of 

vert, /.'s 

at s. 


Tang, of 

Z.'SR, 


Sum of 
Columns 

4 and 5. 


&th + RS 

=Log. 
Alt. 


Depth 
and ' 
Alt. 


o / 

5 10]" 


/ 
10 


8-96533 


9-24632 


8'2ri65- 


I -36 1 05 


230 


2 


O 30 E 


31 35 


7*94086 


9-78874 


772960 


0^87899 


7|A 


3 


4 »5 


41 56 


8-87106 


9*95342 


882448 


1-97388 


94 


4 


6 14J 


49 2-S 


9-03861. 


10:06722 


9-10583 


2*255*3 


180 


S 


3 i5 


55 S«l 


9-16224 


10-16870 


9'33094 


2-48033 


302 


6 


10 13 


59 571 


9-25582 


10-23783 


949365 


2-64305 


440 


' % 


" 37 


62 56I 


931297 


10 29174 


9*6047 1 


2-75411 


568 


8 


12 25 


65 3l 


9-34276 


10-33257 


9*67533 


2-82472 


668 


•. 9 


13 21 


66 4if 


937532 


10-36568 


9*74100 


2-89040 


777 . 


lO 


14 10 


. 67 36I 


9*40212 


10-38519 


978731 


2-93671 


864 


n 


»5 17 


68 42i 


9*43657 


10-40925 


9-84582 


2*99522 


989 


12 


17 46 


70 58 


9.50572 


10.46221 


9-96793 


3'"733 


1310- 


»3 


»9 33 


72 48 


9*55035 


10-50927 


10-05962 


3-20902 


1618 


H 


20 6 


74 30 


9-56342 


1055701 


10- 1 2043 


326983 


1S61 


I 1 


a 


3, 


4 


5. 


6 


7 


8 



In this form there are three columns lefs than in the 
former, by which it happens, that about one-third of the 
labour is faved. The method of folution is thus; as 
I (radius) : tang- r : : rs : s/> = rs x t.R; and again, as 
I : tang* s (vertical angle) : ispispxt. &=rs x t, r. x t. s. Or, 
in logarithms, log. RS+t.R+t.s=:log. of the vertical. per- 
pendicular: and by this theorem, it is evident, the co-^ 
lumns of this table arc conllrudled.. 



But 
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But nearly the fame faving in the great labour of 
computation would be made if the vertical and horizon- 
tal angles had both been taken at the end of the bafe 
fartheft from the beginning of the fedlion. And this 
method would alfo be much the eafiefl: in making the 
furvey on the ground, as there would then need only one 
obferver with an inftrument to meafure both horizontal 
and vertical angles; and any perfbn, without an inftru- 
ment, could direct in a line the perfon who moves and 
places the poles, or he may even direct himfelf after his 
firft pole has been placed, by means of a back objedV, as 
is commonly done in land furveying. 

Of this kind there happens to have g 
been one fedtion taken, proceeding 
from G, and making with gp an angle 
of 85% p being the Northern obfer- 
vatory, and where both the bearings 
and depreflions of the points p in the 
fedtion line were obferved. 




^0= 85 






/.p+^/= 95 



Log. > 

PG 3* 2 */ which is a conftant number from which 

i.G 0'Q0834U 

f the fines of p in the fifth column are 
Sum 3*68096 \ to be deduAed 



D a 



Poles. 



sS Mr. hutton's Calctdntions to a/certain 



1 Poles. 


Vcrtic, 
Angles 
at p. 


Horizont. 
Ang. at p. 


95°- ^F 


Sines of 
z.'s Ztp. 


PC+i.G 1 


Tan<T. of SiunofCol.Dep. 

Dcpr. ^ ^"^ 7' — below 
* * ?p, p. 














1 


8 45D 


/ 
9 'S 


/ 

«5 45 


9*99880 


3-68216 


9*18728 


2-86944 


740 


2 


8 46 


16 25 78 35 


9-99132 


368964 9'i88i2 


287776 


755 


3 


9 58 


27 16 


67 44 


9*96634 


3-71462 


9 24484 


2-95946 


911 


4 


8 38 


30 5a 


64 8 


9>954i5 


3-72681 


9M8136 


^1-90817 


809 


5 


7 6 


34 SO 


60 30 


9-93970 


374126 


9*09537 


283663 


686 


6 


s 23 


37 55 


57 5 


9-92400 


375696 


8'9742i 


2-73117 


5S8 


V 


a 


3- 4 


1. 5 1 6 


7 1 8— 


I9 



Here it is evident is a faving of two of the mofl labo- 
rious columns in the table. This happens becaufe that 
in every triangle vop there are now conftant thofe twa 
parts which are ufed in the proportion made ufe of in 
the calculation^ viz. pg and the angle g* For then it is^ 
as Lp : f.G : : PG : p/>,or log. vp-\og. PG+f.G-f./); fo that 
the fum of the logarithms of pg and fine of z. g is a con- 
ftant number, from which the numbers in the fifth, co- 
lumn are to be fubtradled, to find thofe in the fixth co- 
lumn. The reft of the work is the fame a&in the firft 
example. 

As to the irregular fedtions, the computation of them 
diflfers fo little in manner from that of the yfual vertical 

fcdlions^ 



the mean Denjity of the Earth. ^g 

fe<SUons,.that an example of it is unneceffary: and the 
few horizontal fedlions need no computation, but only an 
allowance for the height of the. theodolite. 

In the following abftracSt of the refults of the compu- 
tation of the fedlions, the firft column contains the num- 
ber of the pole, the fecond and third the vertical and 
horizontal angles, and the laft the difference of altitude in 
feet, between the foot of each pole and the point from 
whence the vertical angles were obferved, after making 
the allowance for the height of the theodolite above the 
ground. At the end of this abftradt is a plate of the 
figures referring to the number of the fe6tion, fhewing 
the diredtion in which it was carried, with the degrees 
and mimites in the angle formed by it and the bale 
line. 



»JE G- 
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T^Ir. tiutton's Calcitlations to a/certain 



SECTION 



Pole. 
I 

2 

3 
4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 

14 



Pole. 
I 

2 

3 

4 

5 
6 

7 
8 



Vert, ^.'s 


Bearings 


at s. 


aCR. 


/ 
5 iGiD 


/ 
10 


30 E 


31 35 


4 IS 


4t 56 


6 14J 


49 25 


8 16 


55 5ii 


lo 13 


59 57 f 


" 37 


62 s6i 


12 25 


65 3J 


13 21 


66 4ii 


14 10 


67 36} 


'5 '7 


68 42| 


17 46 


70 58 


19 33 


72 48 


20 6 


74 30 



Diff. of 
Alt. 

18 o 

12 A 

99 

185 

307 

444 
572 

673 
782 

869 

994 

i3'5 
1623 

1866 



SECTION 2. 



Vert, ^'t 
at s. 

o / 

3 40 D 

I 26 £ 

4 20 

6 21 
9 58f 

11 5°! 

12 52 

13 22 
13 36I 



Bearings 
at a. 

2o 46 
32 42 
42 8 

49 30 

59 2 
62 30 

65 2 

65 51 

66 9 



Diff. of 

Alt. 

30 D 
28 A 

103 

192 

429 

59' 
721 

780 

806 



10 
II 
12 

»3 
15 



Pole, 

I 

2 

3 

4 

5 
6 

7 
8 

9 

10 

II 



Poic 

I 
2 

3 
4 
5 



15 "5 

16 24 

»7 45 

18 45 

19 35 
19 59 



/ 

67 36 


68 


45 


70 





71 


3 


7» 


57i 


72 


34 



972 

III8 
1302 

1467 

1625 

1726 



SECTION 3 



Vert. z.*s 
at s. 

o / 

3 27 D 

2 36 E 

4 33 

6 12 

7 5» 
10 38 

12 20 

13 46 

IS 43 

17 35 

18 o 



hearings 


at R. 


/ 


19 II 


30 24 


38 28 


44 10 


47 55 


51 22 


SI 9 


54 43 


56 21 


57 47 


5858 



DifF. of 
Alt. 

29 D 

51 A 
122 

213 

352 

524 
668 

818 

1038 

1283 

427 



SECTION 4. 



Vert. U% 
at R. 


Bearings 
at s. 


/ 

7 42 D 


/ 

13 8 


I 2 E 


31 35 


4 4 


40 24 


5 36 


48 36 


655 


5656 



Diff. of 
Alt. 

39 » 

19 A 

80 

137 
2IJ 
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31 



7 
8 

9 

10 

II 
12 

'3 

I H 

'5 
16 

«7 
18 



/ 

9 10 


» 
62 36 


9 23 


68 12 


10 17 


70 33 


II 18 


74 


13 a 


76 3 


>3 37 


76 47 


14 30 


77 45 


IS 3 


7858 


16 15 


80 II 


17 24 


81 13 


18 32 


82 s. 


19 29, 


82 59 


20 7 


83 30 



Pole, 
I 

2 

3 
4 

S 

6 

7 
8 

9 

10 

II 

12 

'3 



337 

415 

495 
623 

785 
848 

946 

1 042 

1200 

1362 

15^8 
1699 

l8l2 



SECT 

Vert. z.'s 
at s. 

o / 

3 46 D 

O 14. E 
2 16 

3 29 

4 21 

5 48 
7 * 
9 3 

11 25 

12 55 

13 54 

14 5« 
M 9 



ION 



Bearings 
at X. 




IS 





24 23 


36 


14 


46 


5 


54 24 


63 55 


7» 


30 


76 


30 


81 


18 


84 


16 


87 


22 


90 30 


93 






5- 

■ DiCof 
Alt. 

38 D 

9 A 

60 

112 

163 

258 

361 

513 

720 

874 

IOI7 

II82 

129s 



SECTION 6. 



Pole. 

I 

2 

3 

4 

5 
6 

7 
8 

9 

10 

II 

IX 

'3- 
>4 



Pole. 

I 
2 

3 

4 

5 
6 

7 
8 



Vert. z.'8 
at X. 


Bearings 
at s. 


9 10 D 


/ 

»i 43 


4 46 D 


.16 SI 


I 10 E 


23 so 


4 SI 


30 a 


6 6 


33 H 


7 3* 


37 25 


9 3^^ 


40 24 


II 15. 


43 " 


12 2Z 


45 18 


13 3S 


47 9 


IS 19 


48 54 


16 29 


50 12 


17 8 


51 » 


17 27 


51 48 



Diff. of 1 
Alt. 

80 D 

60 D 
28 A 

196 
287 
409 

S46 
656 
782 

9SS 
1093 

1171 

1248 



SECTION 7 



''ert. 21 's 
at X. 


Bearings 
at s. 


/ 

7 30 » 


/ 
9 30 


1 49 


»5 52 


2 5 E 


20 49 


4 30 


24 48 


5 41 


28 23 


7 «3 


30 27 


8 14 


32 29 


9 24 


33 41 


10 26 


35 



Diff. of 
Alt. 

60 D 

24 
52 A 

13s 
208 

297 

380 

465 

553 



I 



LQ 



32 Mr. hutton's Calculations to a/certain 



ID 


' / 
II 41 


36 21 


678 


II 


12 36 


37 15 


773 


12 


13 31 


38 17 


885 


13 


13 46 


39 30 


973 


H 


13 56 


40 17 


1036 




SECTION 


8. 



Pole. 
I 

2 

3 

4 

S 
6 

7 
8 

9 

10 

II 
12 

13 
14 



Vert. z.'s 
at A. 

17 56JD 
10 12J 

5 41 

2 25 
o 29 

I 12 £ 

3 o 

5 o 

6 18 

7 a 

10 10 

11 24 

12 20| 



Bearings 
at B. 

o i 

37 12 

41 50 
44 48 
47 2 
49 6 

51 o 

52 35f 

54 44i 

55 56i 

56 471 

57 24 

57 55i 

58 28 

5858 



Diff. of 
Alt. 

516 D 

359 
229 

107 

20 

74 A 
198 

378 
520 
620 
821 
986 
1 160 

1316 



N.B. The place of this laft pole 
virould feem to be the fame as N the 
Weftern cairn, asthe fe£tion was di- 
refted through it. But then the laft 
nuniber 1316 is too great; as, from 
all the other nieafures, the diiF. in alt. 



between a and n is only 1303 feet. 
This diff. of 13 feet feems to be caufed 
by the laft bearing being about 7' too 
great, for in other places this angle is 
only 58"* 51'. And indeed many other 
angles taken at the fame time with the 
above feem to be much wrong, as they 
greatly differ from correiponding ones 
taken at other times. 

Such differences among correfpond- 
ing angles I often met with in the 
measures contained in the books of the 
furvey, and it required much care to 
detedt them, and trouble to reconcile 
them. 



Pole. 

I 
2 

3 
4 

5 
6 

7 
8 

9 
10 

II 
12 

13 
14 



SECTION 9 



Bearings 
at A. 




132 


2I| 


130 


27 


127 


26 


124 


2Si 


119 


6i 


III 


37 


103 45i 


95 25 


8S 


55 


78 


2i 


73 


14 


71 


4ii 


70 


38I 


69 


39 



Bearings 
at B. 

3°'^ 4si 
37 34i 

39 8 

40 18 

43 19 
48 7 
52 58 






B «> 

^■5 



u 



o 



58 


50 


67 


54 


75 


58} 


82 


30 


86 


21 


89 


33 


92 


23 



> o 

'^ ^ ^ 

w 4-» ti 

C G C 

.§ 8.S. 

« s t; 

•^ H o 

.2 o J=i 

h 



SEC- 
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41 



1 


S E C T I 


N 10. 1 


»3 


9 44 


76 I2§ 


1 168 


Pole. 
I 


Vert. A.'s 


Bearings 


DifF. of 


14 


9 S3 


76 34 


1258 


at A. 
/ 

10 41 D 


at B. 

/ 
51 12 


Alt. 
531 D 


»5 


10 38 


76 ssi 


1443 












^ 1 




^^ m^ 




S E C T I 


N 12. 


2 


'3 52 


57 22i 


426 










3 


8 7i 


62 56 


295 


Pole. 


Bearings 
at 0. 


Bearings 
at c. 


d 



4 


2 30 


68 47 


106 




/ 


/ 




5 


59 


73 55f 


47 


I 


68 14I 


102 6 


4-t 


6 


22|E 


76 52 


27 A 


2 


71 16 


98 23 


1^ 


7 


59 


79 »4f 


70 


3 


73 55 


94 56 


«"4 

t; 


8 


I 39 


81 7 


124 


4 


79 


89 33 


-2 :: 


9 


2 25 


82 42 


194 


5 


85 28 


82 49 


V4^ 4^ 


10 


3 5 


84 12 


266 


6 


91 19 


76 48 


'O 
> G 


II 


3 36 


85 41 1 


338 


7 


97 5 


71 8 




12 


3 48 


86 27 


373 


8 


102 21 


66 20 


.H 3 










9 


108 18 


60 36 













'3.^ 




S E C T I 


ON I 


I. 


10 


"3 33 


56 15 


*-» c 


Pole. 


1 Vert. z.'s 
at D. 


Bearings 
at c. 


DifF. of 
Alt. 


1 1 


117 12 


53 n 


JD 

-G 




/ 


/ 




12 


119 16 


52 4 




I 


12 56 D 


48 18 
62 4 


231 D 


13 


"9 53 


52 I 


U4 


2 


9 5° 


334 










3 


5 JS 


67 9 


242 




S £ C T I 


ON I 


3- 


4 


2 25 


69 51I 


135 


Pole. 


Vcrr. ^'s 
at G. 


Bearing 


at F« 


Diff. of 
Alt. 


S 


59 E 


71 20 


70 A 




i 


n ./ 




6 


3 


72 13 


220 


I 


3 7 D 


1/ # 

75 2 


92 D 


7 


4 31 


73 9 


363 


2 


12 


79 -i^ 


2 


8 


6 7 


73 53 


533 





4 I £ 


9' 55 


221 A 


9 


6 59 


74 27 


65a 


4 


6 8 


95 


38s 


10 


7 53 


74 52 


777 


5 


7 49 


96 34 


530 


II 


8 49 


75 9l 


904 


6 


9 5^ 


99 27 


789 


12 


9 27 


75 42 


1048 


7 


10 «;2 


ICO 10 


015 



F 



44 Mr, button's Calculations to af certain 



7 
8 

9 

lO 



338 

o 55 F 
4 4 
6 45 



1 



54 


/ 

6 


56 


50 


(0 


7 


62 


58 


66 


2 



15s 

57 
55 A 

257 
487 



Pole. 
I 

2 

3 

4 

5 
6 

7 
8 



Pole, 

I 

2 

3 

4 

5 

6 

7 
8 



SECTION 21. 



Vert. /Js 
at L. 



23 59 D 



»9 25 
14 37 
10 5 

5 9 
I 2 



2 £ 



4 22 

6 6 



Bcarincrs 
at v/. 



O / 

21 18 



33 12 
48 26 

56 7 
62 51 

fig 24 

71 36 
73 2 
75 22 



Dlff. of 
Alt. 

295 D 

377 
4.8 

383 

237 

56 

133 A 
297 

455 



SECTION a2. 



''ert, z.'s 
attf. 


Bearings 
at b. 


/ 

7 16 D 


/ 

5 a 


2 49 E 


10 20 


3 33 


15 »3 


4 18 


29 34 


7 


32 15 


9 I 


35 3 


10 26 


38 52 


12 19 


41 46 



Diff. of 
Alt. 

20 D 
25 A 

44 
120 

222 

331 
471 
657 



9 
10 



14 40 

14 45 top 
of E. cjirn. 



o / 

43 34 
43 35 



874 
874 



SECTION 23. 



Pole. 

I 

2 

3 
4 

5 
6 

7 
8 



Vert. iC's 
at a. 

15 2 D 

o 51 
o 10 

3 7 E 

6 43 

7 36 
9 50 

II 35 



Bearings 
at b. 


/ 

4 33 


15 15 


35 37 


41 53 


42 34 


43 30 


45 48 


59 5 



DifF. of 

Alt. 

34 D 

4 
o 

97 A 
209 

244 
342 
664 



SECTION 24 



Pole. 

I 

2 

3 
4 

5 
6 

7 
8 

9 
10 



Vert, ^l's 
at b. 


Bearings 
at a. 


ft y 
3 27 D 


10 29 


32 B 


21 9 


25a 


32 57 


4 40 


58 53 


5 14 


76 22 


6 24 


121 5 


7 50 


125 12 


8 27 


130 23 


8 55 


134 57 


9 6 


136 15 



Diff. of 
Alt. 

29 D 
12 A 

64 
133 

'73 
340 
448 
546 
664 
712 
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the mean Denjiiy of the Earth, 



45 



SECTION 25. 


X 


/ 


/ 


^ 


%j 


6 


2 20 


42 IS 


69 


iPole. 


Vert, ^'s 
at b. 


Bearings 
at r/. 


DifT. of 
Alt. 


7 


4 SO 


37 30 


122 


t 


/ 


/ 
8 14 


^9 J T^ 


8 


18 52 


6 12 


65 


1 


^S 39 ^ 


74 D 








2 


I 47 E 


52 24 


54 A 




S E C T I 


N 28. 


3 


3 9 


63 13 


"5 


Po'e 


Vert. z.'s 


Bearin ;s 


DliT. of 











t \^ » W 


at T. 


at V. 


Ait. 


4 


5 5^ 


70 37 


248 




^^ M 


y 




S 


9 11 


81 35 


505 


I 


f 

10 23 D 


16 36 


142 D 


6 


II 21 


85 10 


691 


2 


9 26 


23 56 


^95 


7 


12 44 87 45 802 


3 
4 


S 23 
4 14 


28 45 
32 24 


136 

120 


SECTION 26. 












5 


2 42 


37 46 


96 


Pole. 


Vert. z.'s 
at b. 


Bearings 
at a. 


Diff. of 
Alt. 


6 


» 34 


41 20 


62 




/ 


/ 




7 


3Si 


45 24 


24 


I 


17 S3 D 


6 35 


64 D 


8 


I 30 E 


48 52 


89 A 


2 


26 


48 s 


9 


9 


3 30 


SI 4 


220 


3 


2 I A 


60 8 


93 A 


10 


4 20 


54 22 


307 


4 


3 4 


6a 45 


151 


II 


4 49 


S6 II 


367 


S 


4 40 


66 IS 


256 


12 


5 15 


58 41 


443 


6 


6 20 68 29 


374 


13 


6 


60 4 


537 


7 8 10 1 71 57 1 


550 


14 
IS 


6 47 

7 24 


62 4 

63 33 


664 
778 


SECTION 27. 


Pole. 
I 


Vert, /.'s 

/ 

4 30 E 


Bearings 
at a. 

/ 

59 25 


Diff. of 
Alt. 

280 A 


16 
17 


8 16 
8 46 


64 46 

65 44 1 


924 
1030 




S E C T I 


N 29. 


2 


3 33 


57 « 


204 


Pole. 


Vert. z.'s 


Bearings 


Diff. of 










& \^m\0% 


at T. 


at V. 


Alt. 


3 


I 47 


54 " 


92 




/ 


/ 




4 


10 D 


so 15 


3 D 


I 


8 49 


26 9 


182 D 


5 


I 22 


46 54 47 1 


2 


651 


30 7 


163 



46 



Mr. button's Calculations to a/certain 



3 


o / 

4 27 


/ 
38 45 


140 


'3 


S 3 


/ 
29 »3 


H3 


4 


2 55 


44 


106 


14 


10 2 


21 54 


170 


5 


I 30 


49 34 


62 










6 

7 


10 

42 E 


5* 56 
55 55 


3 

42 A 


















8 
9 


2 12 

3 3 


58 28 
60 58 


132 
195 




S E C T I 


ON 3 


il. 


lO 

II 

12 

'3 
H 
'5 


3 36 

4 4 
4 8 

4 27 

5 
5 7 


63 32 
66 16 

68 28 

70 9 

71 54 
74 23 


247 

303 
331 

377 
450 

506 


role. 
I 

2 

3 
4 
5 


Vert, z.'s 
at Y. 

/ 

II 18 D 

5 29 

2 56 

I 42 
42 


Bearings 
at V. 

/ 
10 40 

15 43 

19 J3 

22 49 

28 23 


Diff. of 
Alt. 

132 D 

93 
60 

40 

20 




S E C T I 


N 1 


;o. 


Pole. 


Vert. z.'s 
at T. 


Bearings 
at V. 

^ M 


DifF. of 
Alt. 


6 

7 


16 

30 E 


31 43 
35 10 


5 

28 A 


I 


3 26 E 


81 


353 A 


8 


I 33 


40 41 • 


90 


2 


3 i^ 


79 53 


313 


9 


2 U3 


45 


146 


3 


2 55 


77 7 


263 


10 


2 41 


47 18 


190 


4 


2 46 


75 2 


233 


II 


2 54 


50 47 


231 


S 


2 35 


72 45 


204 


12 


3 13 


53 " 


278 


6 


2 26 


70 16 


179 


13 


3 39 


56 


349 


7 


I 20 


66 28 


91 


14 


4 53 


58 51 


5'9 


8 


19 


62 32 


23 


15 


5 42 


60 38 


650 


9 


49 D 


57 58 


37 D 


16 


6 


62 8 


728 


lO 


2 33 


51 54 


107 


17 


6 27 


63 23 


825 


II 


4 23 


43 37 


151 


18 


6 41 


64 21 


892 


12 


6 21 


3548 


176 


19 


655 


65 50 


988 
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SECTION 32 



Pole. 



2 

3 

4 

S 
6 

7 
8 

9 

10 

II 
12 

»3 
14 
IS 



Pole. 

I 

2 

3 

4 

5 
6 

7 
8 



Vert. z.'s 
at Y. 

/ 

7 9 E 

6 55 

6 7 
5 o 
4 25 
3 29 

3 5 

2 17 

1 21 

o 52 

o 3 

I 3 D 

a 3 

3 21 

7 54 



Bca 





at 


V. • 




51 


46 


50 5^ 


49 


45 


46 


51 


45 30 


43 


37 


40 


32 


38 


26 


35 


57 


33 





29 47 


26 


24 


23 


40 


iS 


30 


13 


4 



Diff. of 
Alt. 

8l2 A 

751 
631 

452 

377 

275 
214 

146 
80 

47 
7 

60 

73 
121 



SECTION 33 



Vert. z.'s 
at T. 

o / 

13 6 D 

9 'S 
7 32 
5 10 

3 55 

2 36 

I 30 
o 40 



Bearings 
at z. 

o / 

4 6 
8 4 

H 53 
21 28 

26 54 
36 19 

45 32 
S6 S 



Diff. of 
Alt. 

108 D 

139 
187 

167 

148 

119 

78 

37 



9 

10 

1 1 • 

12 

13 



Pole. 

I 
2 

3 
4 

5 
6 

7 
8 

9 

10 

II 

12 



13 



14 
15 



'.18 E 

1 40 

2 22 
2 25 
2 32 



65 38 
71 15 

77 3 

87 12 

93 33 



38 A 

132 
197 

226 

257 



SECTION 34. 



Pole. 

I 
2 



Vert, /.'s 
at T. 

o / 

4 43 8 

4 8 

3 3' 

2 45 

2 o 

I 8 
o 19 

55 D 

1 29 

I 59 

3 41 

5 27 

6 o 

9 5 
14 6 



Bearings 
at z. 



Diff. of 
Alt. 



84 3 


471 A 


79 45 


386 


76 


3" 


71 30 


229 


66 22 


156 


60 49 


84 


53 20 


25 


46 47 


46 D 


40 15 


69 


34 52 


83 


26 15 


127 


21 55 


«65 


17 16 


150 


9 S^ 


143 


4 32 


109 



SECTION 35 



Vert, ii's 
at T. 

o / 
15 16 D 

9 36 



Bearings 
at z. 

o 

1 58 

s 3 



Diff. of 

86 D 
126 



48 Mr. button's Calculations to a/certain 



3 
4 
5 

6 

7 
8 

9 

10 

II 
12 

»3 



Pole 
I 

2 

3 

4 

5 
6 

7 
8 

9 

10 

1 1 

12 



o / 

8 21 

7 34 
5 38 
4 21 

3 i^ 
2 31 

I 42 
I 10 

o 52 
o 30 
o 14 





8 


5 


12 


54 


17 


50 


22 


48 


32 


56 


41 


54 


54 


12 


64 


26 


75 


48 


86 


54 


94 


17 



162 

208 

191 

170 

153 
135 

103 

76 

61 

36 

»5 



SECTION 36. 



Vert. Z.'s 
at u. 

/ 

17 42 D 

IS 55 
12 39 

85^ 
7 23 

3 51 

1 22 

I 3 E 

2 54 

4 22 

5 37 

6 30 



Bearings 
at z. 

o / 

2 45 
22 26 

25 13 
29 37 
sz 36 

40 33 

44 45 
48 26 

50 52 
52 45 

54 40 

55 30 



DifF. of 
Alt. 

60 D 

465 
404 

333 
3 '8 

205 

80 

77 A 
218 

347 
471 
559 



SECTION 37 



•ole. 


Vert, ^.'i 
at u. 


Bearings 
at z. 


DifF. of 
Alt. 


I 


/ 
3 53 B 


63 50 


345 A 


2 


3 27 


60 54 


286 


3 


I 55 


57 45 


»50 


4 


16 


54 3 


23 


5 


I U D 


50 40 


74 D 


6 


2 53 


47 28 


166 


7 


4 45 


43 


247 


8 


6 25 


38 49 


300 


9 


8 40 


33 H 


348 


10 


12 6 


28 25 


420 


II 


16 36 


23 43 


419 



SECTION 38. 



Pole. 

I 
2 

3 

41 

5 
6 

7 
8 



Vert. z.'s 
at u. 



Beari'^gs 
at z. 



/ 

'5 9 » 


/ 
20 37 


II 30 


31 39 


9 23 


36 7 


6 46 


40 30 


5 27 


46 10 


3 32 


52 5 


2 49 


55 9 


I 49 


61 25 



DifF. of 
Alt. 

405 D 

438 
398 

3'4 
283 

204 

171 
122 



I 



the mean Denjtty of tbv Earth: 
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SECTION 39 



Pole. 
I 

2 

3 

4 

5 

6 

7 



Pole. 
t 

2 

3 

4 

5 

6 



Pole 
I 

2 

3 

4 

5 

6 



Vert. ^.'$ 
at u. 

4 28 s 

5 35 

6 30 

8 9 
10 3a 
12 47 
»3 47 



Bearings 
atz« 




69 


7 


i9 


8 


ja 


3 


45 


a5 


38 


30 


34 


3 


29 


27 



Diff. of 
Alt. 

312 D 

345 
366 

4i« 
485 
544 
53 » 



SECTION 40 



Vert. ^:'8 
at p. 

8 45 D 

8 45 

9 58 
8 38 

7 6 

5 «3 



Bearings* IXfT. of 



at p. 

O I 

9 '5 
16 25 

27 16 

30 5» 
34 30 
37 55 



Alt. 

735 o 

750 
906 

804 

68 1 

533 



SECTION 41. 



Vert. £.\ 


Bearings 


at 0. 


at A, 


o / 


/ 


10 41 D 


23 33 


II 31 


32 36 


8 S% 


37 a3 


538 


44 *4 


4 5» 


46 39 


4 6 


51 « 



Diff. of 
Alt. 

510 D 

769 
682 

5*4 
480 

455 



7 


/ 

2 8 


/ 

56 26 


269 


8 


I 21 


58 30 


178 


9 


57 


i9 53 


129 


10 


43 


62 21 


103 


II 


40 


64 35 


102 


12 


5 


68 41 


10 


13 


10 E 


69 43 


36 A 


14 1 


32 


71 20 


109 




SECTION 4 


.2* 


Pole. 


Vert. /.'% 
at M. 


Bearings 
at 8. 


Diff. of 
Alt. 


I 


e / 

17 D 


73 4^ 





2 


3 25 E 


80 57 


72 A 


3 


4 52 


85 4 


126 


4 


6 52 


88 Si • 


23* 


5 


8 33 


90 25 


33a 


6 


10 2 


91 34 


439 


7 


11 44 


93 


'610 


8 


13 7 


94 


787 


9 


15 10 


94 34 


1002 


10 


17 21 


95 »3 


■1292 


II 


18 38 


95 37 


1506 


12 


19 36 


96 2 


1736 


," 


19 38 


•96 x> 


1717 



SECTION 43 



Pole, 



I 

2 



Vert. ^*8 
at o. 

o / 
12 3 D 

10 54 



Bearings 
at. A, 

3» 5* 

3M2 



Diff. of 
Alt. 

759 » 



G 



so 



Mr. HUTTON*& Calculations to a/certain 



J 



4 

5 
6 

7 
8 



Pole. 
I 

2 

3 
4 

S 
6 

7 
8 

9 

10 

II 



Pole. 
I 

2 

3 



8 58 
7 2 

5 35 



33 



2 52 
2 14 

2 12 





41 


/ 

8 


46 


9 


49 


34 


58 


6 


62 


38 


67 


20 


8s 


3+ 



705 

614 

521 

389 

3+1 



290 



421 



SECTION 44 



Vert, ii's 
at R. 

o / 

3 41 D 

1 18 

O 51 E 

52 

1 4 

2 3 

3 6 
438 

5 14 

5 41 

6 28 



Bearinr:s 
at s. 

a / 

6 37 

10 10 

11 21 

12 20 
16 25 

16 52 

17 27 

18 o 
18 6 
18 II 
18 27 



Diff. of 
Alt. 

32 D 
21 

25 A 

30 
70 

143 

243 

413 
478 

530 
647 



SECTION 45 



Vert. Z.'s 
ac A. 

2 15 I> 
2 O 
I 22 



/ 



Bearings 
at R. 

o / 

30 H 

31 57 
38 35 



Diff. of 
Alt. 

122 D 

116 

100 



4 

5 

6 

7 
8 

9 

10 



o 
O 



Pole.l 

I 

2 

3 

4 

5 
6 

7 
8 

9 
10 

"I 

12 I 



8 & 

4 38 

• 

5 12 
558 

6 37 

7 18 
7 22 





42 


19 


.49 


48 


SO 45 


52 


13 


54 


58 


56 


7 


56 


39 



16 A 

598 

721 

873 
IC08 
1037' 



SECTION 46. 



Vert, z.'s 
at D. 



o / 



8 50 D 

7 24. 
6 36 
6 9 

5 24 

5 4 
4 16 

3 27 
2 23 

I 17 

44 £ 

1 17 



Bearings 
at c. 

o / 

96 20 
III 4 
114 46 
116 22 
119 44 
121 17 

122' 24 

123 13 

124 17 

124 55 

125 50 

126 8 



Diff. of 
Alt. 

201 D 
260 

272 
275 
298 

3^5 
292 

255 
197 

"3 
82 A 

146 



Section 47. 



Pole. 
I 

2 



Vert, ^'s 
at T, 

o y 
10 42 D 

6 6 
3 J9 



' Bearings 
at V. 

o / 

17 45 
28 48 

38 30 



Diff. of 

Alt. 

152 D 

H5 
III 



the mean Denfity of the Earth, 



51 






4 
5 

6 

7 
8 

9 
10 

II 

12 

'3 
14 



O 

2 



/ 

4 



o 44 

O 30 E 
2 28 

3 24 

4 39 

4 54 

5 57 

6 16 

6 50 
7." 



• 



43 


/ 

5 


47 


48 


49 


46 


52 


45 


54 


ai 


59 





62 


16 


64 


50 


6538 1 


67 


39 


69 


40 



79 

30 

30 A 

'43 

205 

335 
387 

517 
562 
666 
764 



SECTION 48. 



Pole. 

I 
2 

3 

41 



7 
8 

9 

10 : 

II 

12 

»3 

Hi 



Vert. z.'s 
at V. 


Bearings 
at Y. 

1 


' 

9 D 


/ 

»7 3 


7 


30 56 


3 22 


44 36 


I 16 


47 23 


5 


49 52 


2 46 £ 


58 6 


4 57 


64 34 


5 53 


67 2 


6 2t 


p 8 


6 30 


72 34 


6 34 


75 »3 


7 41 


77 V- 


8 39 


79 * 


8 46 \ 


79 34 



Diff. of 
Alt. 

164 D 

236 

170 

66 
o 

214 A 

457 

585 
696 

772 

857 
1097 

1316 

I 1361 



15 
16 



8 52 

9 6 



60 32 
82 S3 



1435 
1641 



SECTION 49 



Pole. 

I 

2 

3 

4 

5 

6 

7 
8 

91 
10 

II 
12 



Vert, ^'s 
at T. 

e / 
II 56 D 

9 12 
8 14 
8 12 

5 55 
4 14 
1 58 

34 E 

1 20 

a 15 

3 7 
3 49i 



Beari 


ngM 


ate. 1 


-;6 


58 


35 


25 


64 


20 


80 





92 


52 


98 36 


103 


12 


106 


12 


108 26 I 


109 


6 


no 


iS 


III 


48 



DifF. of 
Alt. 

83 D 

120 
190 
250 

234 

»93 

lOl 

39 

92 

157 
230 
300 



SECTION 50 



Pole, 



\ Vert, ^'s 
atu 



I 


17 46 D 


2 


17 2 


3! 


»4 S» 


4 


»D47 


5 


9 «6 


6 


B 54 


7! 


8 7 



Bearings 
at w^ 


/ 

10 52 


13 33 
16 2 


20 13 


23 


24 37 

26 i6 



DifT. of 

Alt. 

226 D 
296 

333 

363 
418 

4i56 
508 



G 2 



52 



Mr, HUTTON^s Calculations to a/certain 



8 
9 

lO 

II 

12 

>3 



Pole. 



I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 
IX 



7 » 
6 17 

4 55 
4 30 
3 51 

3 a 
2 3S 



a; 23 

28 27 

29 28 

30 12 

30 55 

3> IS 

31 29 



507 

S»7 

45 » 
490 

433 
357 
315 



SECTION 51. 



Vert, /.'s 
at F. 

o / 

H 37 D 
a 56 

» 43 

* 3 

I o 

o 41 

o 23 

O 25 E 

* Si 
3 »7 
3 3* 



Bearings 
at f'. 


/ 

3 57 


44 


8 


48 


47 


55 


5 


60 58 


67 


26 


74 


28 


82 





8346 1 


87 





87 


28 



Diff. of 
Alt. 

73 » 
140 

90 
61 

65 
50 
3» 

52 A 

225 

4*3 
461 



SECTION 5a. 



Pole, 

1 

2 

A. 



Vert. /.V 
atF'. 


Beaiingt 
atF* 


2 48 B 


68 41 


3 SO 


83 


64s 


102 



Diff. of 
Alt. 

187 A 

282 

630 



4 

5 

6 

7 
8 

9 
10 

II 

12 

13 
»4 



o / 

7 6 

8 4 

8 37 

9 »9 

10 d 

»o 57 

11 30 

12 22 

»3 40 
»4 3 
»4 7 



08 57 


7a»- 


M 38 


863 


12 58 


943 


15 56 


1075 


18 30 


1230 


20 40 


1393 


22 3D 


1528 


24 so 


1748 


27 la 


2075 


28 13 


2205 


28 3a 


2239 



1 



SECTION 53 



Pole. 
I 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 



Vert. ^'» 
atF'. 

3 II « 

5 9 
SS8 

6 14 

8 5« 

9 o 
10 7 

II 2 

" 45 
12 6 

" 43 



Bearings 
at F. 

64 3 
71 24 

75 SO 

84 X2 

91 23 

97 47 

99 40 
»02 33 

104 44 

106 28 

108 24 

109 18 



Diff. of 
Ale 

« 

2o8 A 
366 

448 
522 

821 
924 

1074 
1236^ 

>37S 
1469 

i6ia 

1673 



fbi mean Denjtiy 9f the Earth. 



53' 



r 



SECTION 5.4. 



Pole.1 

t 

2 

3 

4 



\ 



S. 
6 

7- 
8 

9 
10 

II 

12 



Vert. /.'« 
at t'. 

22 B 

1 27 

s 13 

s 46 

6 9. 

6 38 

7 n 

7 30 
7 48 
7 50 
7 54 
758 



Bearings 
atF'. 




14 


7 


20 


5 


39 


2 


45 


18 


5540 


62 





70 


8 


7856 


84 


30 


94 


8 


98 


26 


100 


58 



Diff. of 
Alt. 

12 A 

44 

241 
299 

379 

45 » 

553 
662 

755 
908 

1006 

1077 



SECTION 55 



Pole. 



2 

3 

4 

5 
6 

7 
8 

9 



Vert. /.'% 
att'. 


Bearing* 
atF'. 


/ 

2 B 


11 46 


2 3 


aa 45 


4 3 


25 32 


7 3» 


34 49 


9 »S 


4a 55 


9 S» 


48 8 


10 30 


5340 


10 33 


62 34 


II 7 


66 12 


u 57 


69 15 


II la 


73 19 



Diff. of 
Alt. 

35 A 
62 

*30 

324 

497 
604 

736 
917 

1060 

1235 

1470 



SECTION 56. 



Pole. 

I 
2 

3 

4 

5 
6 

7 
8 

9 

10 

II 



Vert. z.'f 
att'. 


Bearings 


/ 

3 11 E 


/ 

9 4 


4 27 


16 21 


7 15 


ai 33 


9 xa 


27 


10 30 


^9 *5 


II 18 


3» »4 


11 a6 


35 39 


12 21 


38 50 


12 42 


41 44 


13 18 


44 ai 


13 3a 


46 36 



Diff. of 
Alt. 

41 A 

97 

205 

331 

414 

480 

569 

686 

777 
887 

971 



SECTION 57 



Pole. 

I 
2 

3 

4 

5 
6 



Vert. /.♦« 

atk. 

o / 

7 51 E 
II 24 

13 aa 

14 S« 
16 40 

x6 46 



Bearings' 


/ 
a9 43 


34 13 


37 54 


42 20 


47 44 


50 15 



Diff. of 
Alt. 

176 A 
299 

397 

509 
675 

833 



S E C T I O N 58. 



Pole. 



I 
2 



Vert. ^;% 
atk. 

o / 

O 3 B 

6 10 




I 



att'. 



5 a8 

8 5 



Diff. of 
Alt. 

S A 

44 



'^^. Mr. h-utton's CaJcuIathns to afocrtain 



3 
4 

S 

6 



o / 

lo 3 

lO 20 
14 20 

15 o 



o y 

29 37 

32 18 

33 18 



121 

3*3 

497 
547 



SECTION 



JPolc. 



I 

2 






4 



Vert, z.'s 
at m'. 

o / 
28 16 D 

25 20 

22 23 

22 12 

21 4.0 



Bearings 
at hu 



Notfecn. 



59- 

Diff. of 
Alt. 



66 56 

74 50 
76 20 

79 10 1 



910 D 
1056 
III4 
1232 



6 


21 20 


J 

83 32 


7 


20 14 


85 so 


8 


19 12 


87 30 


9 


18 46 


89 17 


10 


17 30 


90 20 


II 


16 8 


9» 5 


12 


14 42 


92 27 


13 


13 35 


92 54 


H 


12 46 


93 14 


15 


II 30 


93 45 


16 


10 30 


94 7 



I52I 

1656 

1758 
1978 

2016 

1990 

2093 

2035 
I99I 

I9I5 

1845 



The following are the irregular fedtions. In the 
£rfl column is the number of poles; in the fecond the 
vertical angles; ici the third and fourth- the two bearing^ 
or horizontal angles at each end of the bale; and in the 
fifth the computed refult, being the difference of altitude 

4 

between the foot of each pole and the point mentioped 
in the fecondcolumn where the verticalangles were taken* 



SECTION 60. 



Pole, 

I 
2 

3 

• • • 

4 



IVcrt. ^'s 

At H. 

o / 

8 30E 
8 30. 
8 30 
8 30 



Bear, 
at H. 

O t 

7« 55 
66 46 

62 56 

58 20 



5 f --^--so- 4-54 -gy 



Bear. JDiff.of 
at c. 1 Alt. 



66 39 

70 33 

75 9 
79 20 

i2'4a< 



832A 

850 

884 

892 



SECTION 6X. 



Pole. 

I 

2 

3 



Vert Z-'s 


Bear. 


at H. 


at a. 


/ • 


A ' 


9 31E 


68^1 


9 31 


64.19 


9 31 


60 19 



Bear, 
at G. 



^ 8^ 



7« 



o 



77 50 
80 38 

SS 40I ^4 -94 



Diffof 
Ak. 

1004A 

1091 

1072 



the mean Den/iiy of the Earth. 



55: 



' 


SECTION 


62» 


Pole. 


Vert,z.'s 
at H. 


Bear, 
at H. 


Bear, 
at G. 


I 


/ 

11 OE 


/ 
7a 45 


» 
72 40 


% 


II ' 


69 57 


76 21 


3 


II 


62 40 


82 29 


4 


II 


59 7 


84 22 



SECTION 65. 



DifEof 
Alt. 

1334A 

13S9 
1376 

»3*7 



SECTION 63. 



Pole, 

I 

% 

3 

4 



Vert. z.'s| 


Bear. 


Bear. 


at H. 


at H. 


at G. 


y 


/ 


y 


12 15B 


74 9 


74 


12 15 


70 14 


78 7 


11 15 


67 32 


80 sa 


12 15 


64 2 


84 I 



Diff.of 
Alt. 

1613A 
1652 
1669 
1664 



'ole. 

I 

2 

3 
4 

5 
6 

7 
8 



Vert. Z.'s 
atb. 

/ 

2 ID 

1 I5E 

2 59 

4 35 

5 o 

5 39 

6 I 

5 44 



Bear, 
at b. 

o / 

47 47 
32 I 

27 o 

23 40 

19 2 

15 26 

13 3 
9 29 



Bear, 
at a. 

O / 

19 56 

26 45 

32 56 

45 »^ 

63 47 
98 12 

121 47 

143 12 



Diff.of 
AU. 

20D 
26a 

65 

iiS 

150 

202 

238 

247 



SECTION 66. 



Pole. 

I 

2 

3 

4 

5 

6 

7 
8 

9 
10 



SECTION 64. 

Vert, ^'s 
at w. 

o / 

5 57E 

6 57 

7 II 

6 19 

7 5 
.7 48 

8 40 

85a 

8 41 

8 30 



Bear, 
at w. 

o / 

74 37 
78 12 

81 12 

86 33 

92 16 

96 43 

100 10 

102 42 
106 o 

'Q8 53 



Bear, 
at L. 

81 12 
76 36 

73 '9 
68 34 

64 4 

60 49 

58 40 

56 4« 
54 23 
52 16 



Diff.of 
Alt. 

382A 

333 

329 

394 

334 
271 

184 

167 

168 

176 



Pole. 


Vert, ^'s 
atd. 


Bear, 
atd. 


Bear, 
ate. 


Diff.of 
Air. 


I 


/ 
14 250 


/ 
162 37 


/ 
II 30 


870D 


?. 


15 55 


•58 15 


13 36 


823 


3 


16 57 


152 52 


16 35 


827 


4 


18 12 


H9 43 


18 


831 


5 


20 57 


147 3 


18 41 


866 


6 


23 5 


136 18 


23 37 


865 


7 


23 40 


129 


27 23 


876 


8 


23 3 


122 16 


31 32 


877 


9 


23 46 


112 59 


36 25 


894 


10 


23 23 


104 22 


41 34 


891 


II 


23 35 


91 »3 


48 53 


892 


12 


21 21 


82 49 


57 38 


902 


'3 


20 II 


77 33 


63 


897 


'4 


18 47 


69 33 


71 24 


890 
8931; 


«5 


17 31 


65 26 


77 38 
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1 ^ 



\- > 



i .'i 



/ 



•./ 



16 


y 

16 I 


»7 


H 33 


18 


12 43 


»9 


11 38 



61 51 

59 I 
56 49 

54 45 



83 57 
89 55 

96 «5 
100 45 



884 

875 
868 

850 
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Pole. 

I 

2 

3 

4 

5 

6 

7 
8 

9 
10 

II 

12 

13 

»4 

»5 
16 

17 
18 

»9 

20 

21 



IVert. /.'« 
at F. 

5 42D 

7 42 

7 13 

7 12 

8 1 

6 47 
5 27 

5 3« 
4 15 
3 5« 
3 48 

» 5 

1 27 

3 42 

6 o 

7 21 

9 5 

9 34 
10 I 

9 *4 
9 53 



Bear, 
at P. 

47 -54 

54 »o 

55 *3 

58 40 

63 52 

68 29 

7« 25 

79 14 
81 17 

87 37 
9058 

96 47 

96 53 
91 i6 

83 54 

69 39 

64 I 

55 56 

48 45 
41 45 
3719 



B»ar. 
at H. 

o / 
61 12 

53 56 

52 22 

50 36 
46 43 
4448 
43 18 

40 16 

39 " 
36 34 
35 »6 
32 56 
30 46 
32 o 

34 35 
38 26 

41 18 

4456 
49 59 

54 4« 
59 ^6 



DiCof 
Alt. 

4760 

59a 
54a 

53a 
564 

469 

369 
368 
278 
247 
242 

64 
80 

208 

348 

435 

564 
625 

706 

703 
777 



22 



23 I 



10 O 

9 22 



o / 

3* 45 
29 27 



65 5» 
71 o 



841 
819 
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Bear. 
at o. 



Pole^ 


Vert. z.*» 
at p. 


Bear. 

at p. 


I 


/ 
6 23D 


/ 
21 51 


2 


6 20 


22 44 


3 


6 20 


24 a 


4 


6 14 


as 20 


5 


5 54 


a7 ao 


6 


5 4» 


39 a3 


7 


5 a» 


32^7 


8 


5 «9 


35 59 


9 


5 45 


4» 3» 


10 


5 30 


45 >o 


ti 


54a 


49 50 


12 


556 


53 57 


»3 


6 3 


58 6 


»4 


5 4 


64 


15 


5 8 


67 27 


16 


4 i> 


73 46 


17 


4 20 


76 52 


18 


4 21 


80 26 



DlCof 
Alt. 



»39 42 
136 17 

132 35 
127 52 

121 57 

US s8 

107 so 

87 8 

8244 
77 53 
74 4» 
70 a 

66 29 

65^7 
64 II 
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14OD 
1092 
1025 

932 
843 

740 
61S 

578 

589 
613 

605 

510 

527 

486 

518 1 

S4» 



Pole. 
I 

2 



Vert. z.'si Bear, 
at H« at K. 

12 47E 116 58 
14 36 |f07 42 



Bear. pifF.of 
at w. Alt. 

51 34 1809A 
59 ^51 g>35 
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»3 56 
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tOI II 


65 9 


2023 


8 


t 
la 3 


78 24 


8545 


1656 


4 


«3 43 


96 35 


69 7 


i960 


9 


II 47 


?6 54 


87 30 


1646 


5 


13 9 


92 53 


72 30 


1875 


10 


II 26 


7456 


89 »S 


1592 


6 


la 38 


88 41 


76 6 


1760 


II 


10 ii 


68 32 


96 23 


»4S2 


7 


12 28 


82 53 


81 18 


1703 
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The three following fedtions were taken in a manner 
different from all the reft They were made by raea- 
fuiing in a ftreight floping line (or nearly ftreight) from 
certain points towards k and n, and at the beginning of 
the line taking the angle of elevation or depreflion of fe- 
veral places or points in it, whofe diftance from the be- 
ginning were meafured. In thefe cafes each diftance is 
the hypothenufe of a right-angled triangle, and the 
manner of operation is this, as radius is to the hypothe-^ 
nule or meafured flope diflance, fo is the fine of the ele- 
vation or depreflion to : the difference of altitude, and fo 
is the cofine of the fame vertical angle to the horizontal 
diftance. 



SECTioNyoj from m' to k. 












Pole. 


Slope 
Did. 


Vert. z.'s 
atu'. 


Horiz. 
Dift. 


DiCof 
Ale 


4 
5 


>257 
H55 


> 

S28i 
5 a5i 


1351 
1449 


116 
»34 


I 

2 


463 
794 


7 50}D 
6S4i 


459 
788 


60 
9a 


6 


1824 

Ends 

at K. 


5 4 


1817 


157 


3 


9Q2 


6 50 


985 


114 
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•• '■ » : -f^-^^ — ■ =^^ ~ — .. ' r- 1 ' 

%tQ*tlo^ 71, from 6'k)K..sECtiON 72, ffortif'tbN. 


Pok. 


Slofte 


Vtrt. Z'» 

at. 


Hfifiz. 


Dim of» 
i^it. 


Pole. 


k»ift. at*'. 


Hon?, 
Dift. 


biffitef 


I 


yi> 


i°3 391 fc 


706 


,i6> 


1 


S28 


/ 

3 »o* 


S*7 


38 


• 


»4S5 


9 44i 


«434 


242 


2 


libs 


4 10 


1185 


95 


• 3 
4 


1720 
1984 


9 4J 

7 52 


1699 
1965 


267 
267 


3 


»594 
brids 

at N. 


6 8 


'58s 


179 

• 


. 1 . • ' 

5 1 2547 
1 EtKis 


7 3 


2528 

• 
t 


ids 


. • • t • • 1 


». 


[atK. 


1 1 


- 



thefe iedtiohs dUere Tvisre mlny tnere iltig^ 
fofttt^ wboft jAaces RHci itiative idtitudes were obftrred 
r^tA coftrputbdi Imk k is not Bfeceffary te abftraft thejaa <U1 
fe*te. 

The ffeHdwing platfe (Tab. nil.) has '7 « figiii:fes anfwer- 
ttf^ td thefe 7 5S feftidhsj each to each j acebitHng to thie 
fttfrtxbers. in thefe fignre$)<the Htie having the letters f^p^ 
'5[>,'&:c. anhexbd is the feiftioti Kncj the Icttfers p^ p, fee; de- 
noting the poles; the other line, forming the angle with 
the fetStion, is the bafe line ; and between them are the 
d^gr^es and mintites cdntatii^ iti fhe atiglb ibriiied by 
them ; at tlie angiilaf point was oticrved tlie elevation dr 
deprefHon of each poiilt P) and the bearin^i or Hori- 
zontal angles wel-e obfervfed at the othct fchd bf the 
bafe, from whendfe faint lines air^ ^Wn tB feWfe df ihe 
I)oints p forming with the bafe line thofe horizontal 

angles. 



;"» 
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angles. The bafe and fe^^n lines in each figure are aUb 
drawn nearly in the fame direction as they are in the 

V 

plan or on the ground, fuppofing the top of the paper to 
be the North, towards which a perfbn looks when vijcw- 
ing the ground from the South. 

Having finifhed the computation of the relative alti- 
tudes of all the points, the ne^t cQnfideration is how they 
^e to be applied in determining the attraction of the 
hill. In whatever manner this laft mentioned operation 
may be performed, it is evident, that all the points ajid[ 
ie<Stion9 with their altitudes muf^ be entered in the plan. 
Wherefore^ haviag ^cuxately oonftrudted a large plan of 
tbe groundi as before mentioned^ containing; all tbe pria* 
cipal lines or bafes, at tbe extremities of wbicb eitber verr 
tical or horizontal angles were taken, from them I t^en de- 
termined in this plan the. places of all the other pp^nts^in 
the fe^ions, whether vertical, horizontal, or irregular. 
Thefe places or points were determined by. drawing linejs 
from each extremity of the baib ib as to form with it 
angles equal to thofe which were obferved on the ground 
for each corre^n^g pole; the intei'ie<5tions of thefe lines 
are th^ places qf the poles, which having marked with a 
fine dot or point of ink> a^4 wri^en clofe to each point 
the proper, nutnber exprelQing i(s relative altitude, and 
cleaned the paper by rubbing out the lines forming the 

H 2 angles 
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angles by which the points were JeterminecJ, there re- 
mained only the jwiiits with the figures exprefling their 
altitudes diftindlly exhibited in the plan (fee tab. ix.) 

It remains now to apply all the foregoing calculations 
and conftrudtions to the determination of the efFedk of 
the attraction in the direction of the meridian. And 
here it foon occurred, that the beft method was to divide 
the plan into a great number of fmall parts, which may 
be confidered as the bafes of as many vertical columns or 
pillars of matter into which the hill and the ai^acent 
ground may be fuppofed to be divided by vertical planes, 
forming an imaginary group of vertical columns, fome- 
thing like a fet of baialtine pillars, or like the cells in a 
piece of honey-comb ; then to compute the attradtion of 
each pillar feparately in the direction of the meridian; 
and laflly^ to take the fum of all thefe computed effects 
for the whole attra^oii of the matter in the hill, 8cc. 
Now the attra(5tion of any one of theie pillars on a body 
in a given place may ht eaiily determined, and that in 
any dire<5tion, to a^fufficient degree of accuracy, becanie 
of the fmallnefs and given poHtion of the bafe ; for, on 
account of its fmallnefs, all the matter in the {pillar may 
be fuppofed to be collected into its axis or vertical line 
eredted on the middle of the bafe, the length of which 
axis, as the mean altitude of the pillar, is to be eilimated' 

from 
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from the altitudes of the points in the plan which fali 
tdthin and near the bafe of the pillar: then, having 
given the altitude of this axis, with the pofition of its 
bafe, and the matter fuppofed to be collected into it, a 
theorem can ealily be given by which the eflfe(5t of its 
attra(5tion may be computed. But to retain the proper 
degree of accuracy in this computation, it is evident that 
the plan muil be divided into a great number of parts, 
perhaps not lefs than a* thoufand for each obfervatory^ 
in order that they may be fufficientiy fmall, and by 
this means forming about two thoufand of fuch pillars 
of matter, whofe attradlions muft be feparately com- 
puted, as mentioned above. The labour and time ne- 
ceflary for fuch computation, it is evident, would be very 
great, perhaps not lefs than thoTe employed in all the 
preceding computations of the fedtions, and all the other 
points and lines concerned in this bulinefs. For this rea- 
fon I was defirous of obtaining a theorem or method by 
which the attradtions of the fmall and numerous pillars 
might be computed with the fame degree of accuracy^ 
but with Ibfi expence of labour and time than when 
computed feparately as above mentioned. And in this^ 
inquiry the fuccefs has been equal to my wifhes, having 
at length met with a method hy which die huiineis has 
heen efiefted in perhaps one^fourth or one-fifth of the 

time: 
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tlmci tl^t would ha^(e bfen |cq1l^«d in the ptl^r wa]f4 
This cae^h^ I ^^rre inyeftigated partly frona (bme hintf 
of the hoaourable henry cavendish, f. r. s. and partly 
from ibme of my own; which had been communicated 
to the Aftronpmer Royal in the years 1774 ^4 '775 ^ 
of which method and its inyeftigation I ihall now give, 
ibme account. 

Of aU the m.ethj94s of dividing the plan into a great 
number of fmaU pairts, I have found that to be the moft 
convenient for the computation, in which it is firft di- 
waded injto a number qf rings by cpncentric circles^ and 
thefe again divided jntp a fufficient number of parts by 
jadii. drawn from the common center, that center beipg 
the obfervatory wherP the plummiet is placed on whiph 
the efi^ of attraction is tp be computed. By this means 
tiie plan is divided into a great numt^ of fqiall quadri- 
lateral fp^ceis, twp Qf th^, 9ppofite fides of which are 
fmaU portions pf i^jaoent circlies, and the other two are 
th« intercepted fmall pants of two adjacent radii, z^ ;^|^ 
pears by fig. i. tab. x; ip whiph, for the prefent, 
\gt the circjleseafli4 tib«jlr il?dii be fupppf^d tp be- drawn at 
any diftwioes whajtey^r frpna. each pthf r, till it fliall ap- 
pear foom thjeth«pf;ewtob|5 ipvp^gated ^hat may b^ t^i? 
propereft diilapp^s and ppfitipns of thofe liivejs. Ip flus 
figjire A i? Ji^e pbf^ryafgry, a^ the meridian, nae an 

Eaft- 



fe centfef tW fodt of the axfe of the jyillfer whofe feiafe ft 
BCDE ; the fig\af e XwnIa being a ^drizbfttal ofr le'v^l kc^ 
tion thro^h the point a. Join. a, F^and with the cfentcft 
fi ^eferibe this mltlcUe circle gfh. L.ct i? denote the length 
of thie »xi« on the point f> or the mean height of the pil- 
lar on the bafe sd ; !U)d <f = the fine ef the angle of ele- 
vation of that pillar as obferved at a> to the radius i, or 

J = ' v I ^ . Th6n will the saagnkude of that colun<)rn 

ffr its qiiahtlty of hihttef- bfe «f)^lf^.«tey ^^k«4k«^ 

\Vhic^ Is ruppofea to B'^ ail cdlie<St6d Iftto thl6 ^xfe : tcnir- 
fequehtly, if the aHraAibh bt eicti j>'iificl6 Of notrtter fae 
in the reciprocal duplicate ratio of ih di&ancfe, tiife ittrar- 
Hbii bt Ihe Kiattcr in the )pillar, fo ^la'cfed bh th'6 ¥>ltim- 
mel at a, in the iiirei^ibh bif th'e ttieViaiaVi k% \Vlli be 

stilts } ftt^-tb till 

- 'n X &£ X ^ X g X g= ■ ^^y X BE X jr = — X B£ X jr 

nearly, ibppoflng f to be equally diftant from bc a(id 
£D^ ahd e. the tofine of the angle fan to the radius i. 

M j| X t B tt&aay letittal tb ^ rtie diffbt«[^(* ttf the 

Mil bt thfe ahgfes iK% cj^ft, as Is Wiw aembiiftrated, 
M\fr 6^, tt, iii(^, jfeV"PfeBa&bl^, ana et pafraliH to a^ • 
M tev^ ihte fcboril bft . -ftie^ Xk, Ak aife 'the fifies b? 
t¥e iftgl^s oX^, k\iii tb iftfc iS^ ^t^ ttidr dS 

being 



*'"' ' c y f^t^ 
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being km = gf ; alfo fl is the cofine of fan to the fame 
radius : confequently gp : fl = ^ : r. But the triangles 
LFA, PGH are equiangular, and therefore cp : fl=gh : af. 

Confequently gh : af = ^ : ^ ; or — x ^ = ^f. This equa- 
tion is accurately true when oh is the chord of the arc; 
and as the fmall arc di£fers infenfibly from its chord, the 

fame equation is fufficiently near the truth when gh is 

■» . ■ • 

the arc itfelf . Subflituting now d inftead of the quantity 
X ^ in the theor^ti above, tt will beoome ^Exds for 

the meafure of the attradtion of the pillar whofe bafe is 
BD in the diredtion an; . Which is as eafy and fimple an 
expreflion for the attraction of a fingle pillar as can well 
be defired or expe'dted. 

But to make the application of this theorem ftill more 
eafy to the great number of fmall pillars concerned in 
this bufinefs, let us fuppofe be and d to be conftant or iii- 
variable quantities, and then it is evident that We ihall 
have nothing more to do but to coUedt all the j's or firiei' 
of elevation of all the pillars into one fum, and tbe^ ': ^■ 
multiply that fum by the conftant quantity be x d, by i. . 
which there will be produced the meafure of the attrac- 
tion of all the pillars, or of the whole part of the ground 
on one fide of we. Now be will be made to become, 
conftant, by making the circles equi-diftant from one . 

another, 




r 

i 
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another, or by taking the radii in arithmetical progref- 
(ion. And d will be conftant, by drawing the radii fo as 
to form with an angles whofe fines Ihall be in arithme- 
tical progreflion; for then d is the common difference of 
the fines of thofe angles. Hence then we are eafily led 
to the beft manner of dividing the plan into the fmall 
fpaces, viz^ from the center A defcribe a fufficient num- 
ber of concentric and equi-diflant circles ; divide the ra- 
dius Ai of any one of them into a fufficient number of 
equal parts, and from the points of divifion ere<St j)erpen- 
diculars to meet the circle; then through the points of 
interfciStion draw radii, and they will divide the circles 
in the inanner required. 

In a computation of this kind, we need only calculate 
the attraction of the matter above the plane or horizon 
of each obfervatory, and the attraction of fo much matter 
as is wanting to fill up the vacuity below that plane lying 
between it and the furface of the lower part of the hilL 
For the South obfervatory, the attraction of the Southern 
parts that are above it muft be fubtrafted from that of 
the Northern parts, to obtain the attraction of the whole 
towards the North; tliat is, the Southern elevations are 
negative, and the Northern oiies afl&rmative. The con- 
trary names take place with refpeCt to the depreffions, or 
the vacuities below the plane of the obfervatory ; for if 

I the 
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the whole fpace below this horizontal plane were full of 
matter to an equal extent both ways, its attra6lion need 
not be computed, as thofe on the contrary fides would 
mutually balance each other; but fmce there are unequal 
vacuities on each lide, it is evident, that the attra6lion of 
the matter that might be contained in them muft be de- 
dudled from the other two equal quantities, to leave the 
real attraction of thofe two fides; then fubtradling the 
remainder to the South fide from that of the Northern 
fide, there will at laft remain the joint effedt of all the 
matter below the plane in the Northern direction : but 
as the one^ remainder is to be fubtradled from the other, 
the two equal quantities may be omitted in both, and 
only the eflfedts of the vacuities brought into the account, 
which being twice fubtradted, their figns become con- 
trary to thofe of the parts above the horizontal plane ; 
that is, the effedt of the Southern vacuity is affirmative, 
and that of the Northern one negative. But for the . 
Northern obfervatory, when the attradion towards the 
South is to be found, the contrary names take place; 
that is, in the elevations the Southern parts are affirma- 
tive, and the Northern parts negative ; but in the vacui- 
ties or depreffions, the Northern parts are affirmative, 
and the Southern ones negative. 

According 
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According to the foregoing method the plan of the 
ground was divided into 20 rings by equidiftant con- 
centric circles, defcribed about each obfervatory as a cen- 
ter; and each quadrant was divided into 12 parts or 
fe(Stors by hues forming, with the meridian, angles whofe 
fines are in arithmetical progreffion; by which means 
the Ipace in each quadrant was divided into 240 fmall 
parts, making almoft a thoufand of fuch parts in the 
whole round for each obfervatory, or near 2000 for the 
two obfervjatories. This was judged to be a fufEciently 
great number of parts to afford a very confiderable de- 
gree of accuracy ; or at leafl that number was as great, 
and the parts as fmall, as was well confiflent with the 
degree of accuracy afforded by the number of points 
whofe relative altitudes had been determined. 

In this divifion the common breadth of the rings, or 
the common difference of the radii, is 666} feet; and 
the common difference of the fines of the angles formed 
by the radii and the meridian is -j^th of the radius; and 
confequently, thofe angles are expreffed in degrees and 
minutes as here follows, viz. 4"" 47^ 9° 36', 14° 29', 

19^ 28^ 24<>37^ 30^0', 35' 41^ 41^48^1, 48^ 35^ 
56" 26^^, 66^ 26'^, 90° o\ 

Tab. IX. contains a fmall plan of the principal and 
mod central part of the ground, accurately divided in the 

I 2 above 
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above manner for one of the obfervatories, namely, the 
Northern one, with the places of all or moft of the 
points which fall within this part of the ground, accu- 
rately laid down and marked with dots, as alfo fuch of 
the included letters as have been before mentioned in 
this paper. 

In this plate rabcd, &c. is the chain of ftations 
around the hill ; n and k are the Weft and Eaft cairns on 
the extremities of the ridge of the hill; o the Southern 
obfervatory, and p the Northern one. Of this kind were 
made two large plans, one divided for each obfervatory, 
from which were eftimated the mean altitudes of the {Hi- 
lars erefted on the fpaces into which they are divided. 

Thefe altitudes are eafily eftimated when feveral of 
the points fall near and in the fmall fpaces or bafes, e£pe- 
cially when they are near the middle of them ; but, nu- 
merous as the pcrints are, there are evidently many ba£ss 
in which none at all are contained, nor even near them . 
This circumftance at firft gave me much trouble and dif- 
fatisfadlion, till I fell upon the following method by 
which the defecSl was in a great mealure fupplied, 
and by which I was enabled to proceed in the eftimation 
of the altitudes both with much expedition and a conli- 
defable degree of accuracy. This method was the con- 
nedling together by a faint line all the points which were 

of 
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of the fame relative altitude : by fo doing, I obtained ai 
great number of irregular polygons lying within,^ and 
at fome diftance from, one another, and bearing a conli- 
derable degree of refemblance to each other : thefe poly- 
gons were the figures of fo many level or horizontal fec- 
tions of the hills, the relative altitudes of all the parts of 
them being known ; and as every bafe or little fpace had : 
feveral of them pafling through it, I was thereby able to 
determine the altitude belonging to each fpace with, 
much eafe and accuracy. In this eflimation I could ge*- 
nerally be pretty fure of the altitude to within ten feet, 
and often within five, which on an average might be. 
about the looth part of the whole altitude; and when. 
we confider that the number of fuch eftimated altitudes 
is very great, and that it is probable the fmall errors 
among them would nearly balance one another, the de- 
feat of thofe that might be reckoned too Uttle being coni- 
penfi^ted by the excefs in thofe which naight be taken too 
great, we need not hefitate to pronounce, that the error 
arifing from the eftimation of the altitudes is probably 
llill much leis than that part. 

It was neceffary to determine thefb altitudes of the 
pillars^ in order to compute the fines of the angles of 
elevation fubtended by them, as the theorem requires 
the u& of thefe fiaes ; and the very eafy method ufed in 

deducing 
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deducing the latter from the former fliall be explained 
after we have, as below, regiftered the altitudes of all the 
pillars as they were computed. This regifter confifts of 
fixteen tables, namely four quadrants of fpaces in the al- 
titudes, and four in the depreflions, for each obfervatory, 
as fpecified in the titles of them. The numbers are feet, 
like all the other dimenfions. The numbers on the fame 
horizontal line from left to right are fuch as are all in the 
fame ring; and thofe in one and the fame vertical co- 
lumn are in the fame fedlor, or between the fame two 
radii ; the number of the ring, counted from the com- 
mon center, is written in the left-hand margin ; and the 
number of the vertical column or diftance of the fpace 
or fedlor from the meridian, at the top; alfo the radius of 
each ring, that is, the line from the common center to 
the middle of the ring is written on the fame line with 
it, in the right-hand margin. It may be further re- 
marked, that in fuch little fpaces as were cut through by 
the boundary line between elevations and depreflions, 

* 

thereby rriaking but a part of fuch fpaces in each of 
thofe denominations, each fpace was accounted as a whole 
one; but then the mean altitude or depreflion in each 
part was diminiflied in the proportion of the whole fpace 
to the part of it fo included in the boundary. The alti- 
litudes and deprefllions are put down firfl: with refpedt to 

the 



the mean Denjity of the Earth. 7 r 

the Southern obfervatory o, and then for the Northern 
obfervatory p; and in each, the altitudes are placed firft. 



I. Altitudes above o in the N.W. quarter. 


Rings. I 2 


3 


4 5 


6 7 8 9 lo II 


12 


Riidii. 


I 


2>5 


215 
610 


215 
605 


600 


|210 


205 ioo 190 170 


14s 


1^0 75 1,251 


■ * 


601; 


S9S 


590 580 (570 


Si^ 


U^o 


]350 


2CO lOOO 


3 9<>S 


1005 


lOIO 

700 


► lOio 1020 1050 104O qoo 


810 


600 


415 


220 1667 


4 670 680 


780 800 Q30 


104C 
" 830 


iO()c|i 10: 


7t.o 


480 
S4S 


200 3OCO 


S 2«0 


^IO 


450 560 700 


960 1 180 890 


6 20 


50 100 


no 250 


380 525 


710 890 950 605 no 


3067 


7 
8 




10 


70 


lao 


j.1^ 620 


780 600 120 


4333 




15 9S 


3<^o 
135 


610 
310 


480 35 


5000 


9 




220 5 


56^7 


.01 


40 


10 


2. Altitudes above in the N.E* quarter. 


Rirgs. 


1 1 a 


3 


1 4 


5 


6 1 7 1 8 


9 

140 


10 II 


12 Kac^ii. 


I 


210 205 


205 


2<X) 


195 


i8s 


170 '55 


125 


105 


70 333t 


2 ISSO 545 


540 


530 


520 


l5'o 


500 


465 430 


370 
590 

700 


270 130 1000 


3 


910 840 


82/ 


8.5 


800 


760 


720 


680 


^35 


500 
580 


200 1667 


4 


645 640 


^35 


640 


645 


650 


675 


7»S 


730 


300 
280 


2333 


5 265 255 


265 


285 


310 


350 


390 
160 


450 


460 


500 


Ooo 


3000 


6 


10 1 12 


20 


65 100 


130 


180 


180 


320 


460 300 


3667 


7 


1 


M 


SS 


1 10 |i sol 250 4333 


8 


l- so 1 sooo 


3. Altitudes above in the [ 


5.\V. 

9 


. quarter. . 


Rtngs. 


I 1 ^ 3 


4 


5 


6 


7 


8 


10 


11 12 


Uadii 
3-37 


I 






















10 


2 
















1 




15 ICOO 


3l 1 












t 


I 


5 


1667 


,a| 












40 


7667 


'3l 






1 


1 




\to 8,33 


14 






1 1 




1 


100 QOOO 


15 






1 














200 9607 


16 


40 120 00 1 


250 


280 


280 


260 


170 


60 






300 

500 


'^33^ 
1 1 00c 


»7 


160 270 


360 

500 1 
620 


400 440 4150 j 


.i5o_ 


270 1 30 




18 


310 420 


580 
680 


620 650 1 


660 b\o 

800 '7§o 


500 200 




700 1 1 1667 


'9 


440 


540 
650 


740 


800 
950 


6co 400 


60 

200 


800 


1233^ 


20 


550 


750 


800 


900 1 


960 960 800 500 1 


900 


1 300c 



7 2 Mr. button's Calculations to a/certain 



4. Altitudes above in the S.E. quarter. | 


Kmp. 


t 1 2 ( %\ 4 1 Si 


7 


» [lUdii. 


16 


10 


1 1 1 




I'03J3 


n i 80- 


f>o (50 50 1 "O 1 




liiooo 


lii 1 -23:012001 ilio| 130 1 70 1 32- 

20 j 4-JO 1 410] :i8o| 3,10 |2'->q| I Ho 




|1I6I>7 


20 ( ( ( 12333 


100 1 -20 ( (.3000 


5. DcprelTions below 


in the N.W.'qoarter. 


«.>«(< 


- I = 


3 I 4 ( 5 ( t. 


7 8(9 


10 


II 


12 (Kadii. 


6 

7 


70 40 1 IS 


S 


60 (30;^ 

lOOJ^CO 








15 ( 3607 


3 SO 


240 2CO 


ISO 








40 i 4i33 


8 


4bo 
700 


4SO 4:^0 1 3qO 


80 10 






80 


5000 


9 


700 ()8o[(i)3o( 5:!o)45o 


340 170 i; 






12D 


sto? 


10 8i.o 1 8 !o|8cxi| 780 1650(600 


s^ojj8o 1 80 


40 


70 


22 


"333 


11 q6o 

~iT|iToc 
~"3 ll'ln 


Q20(88o(8jot 750(650 


630 Sio 3 SO 


>S3 


300 


4. SO 


7000 


iooo|95c(900 
io8o( 980 ( 880 


S20 780 


780 


;8ol58o 
8ho 1 780 


S30 


500 


r,60 


7667 


840 800 


830 


690 


630 


Ho\ 8333I 


J4_.4? 


IIOO 


1 ooo| 900 ( qOo 1 900 


910(940 870 


800 


700 5C0 [ 9000 


llOO 


noo 


io8o|i04o|io^o 


io6o|'07o 1000 


870 


730 300 ( 9607 


16 


1100 


l.CO 


IIOO 


1100(1100(1140 


1150(1150 H20 


990 


760 160 


•0333 


17 


1100 


HOC 


IIOO 


1130(1.8011200 


I200|IJ02 1180 


io8o(7oa( 80 


uooo 


18 


IIOO 


IIOO 


1150(1200(1100]! 150 


iiDo(iioo(iaoo 


1180 70o( ioo[ii667 


11) jnoo 


1 1 20 


1220(l730Ji260|i;OO 


1200(1200(1300 


1240 620 ( 60 (12333 


20 |iiao 


I2aoli3iol[36o(.39o|i39o 


1390(134011440 


1300 6;o| 50 (nooo 


6 


Deprellions below 


in the N.E. quarter. | 


R...I . 


^1 3 1 4| 5( 6 


1 


8 


9 


10 


II 13 (KadiL 


6 1 70 


60 


^0 


.o( 1 










10 1 3667 


7 1 260 1 ^40 


aoo 


.5o(uo( 80 


30 


40 


^0 


10 


'O I 4333 


8" 


450(440 


4CO 


350 ( 180 ( 180 


100 


iBo 


.80 


190 


iqo 40 ( 5000 


9 


7oo(f>90 


680 


610 


520 400 


,0= 


240 


2<)0 


350 


330 


2CO 5667 


ID (8501870 


890 


860 


770 670 


4+0 


ioo 


,80 


500 


450 


370 6333 


11 


1020 


1060 


1070(10^0 


980 80 


700 


520 


400 


65a 


6qo 530 ( 7000 


11 


114.0 


iibo 


1180(1160 


1 140 1080 


9 so 


840 


620 


720 


850 ;oo] 7667 


M 


1200 


llqo 


1200(1220 


1240 1250 


IT 60)1050 


900 


8 40 


950 !>8o| 8333 


H 


1130 


.130 


1050(1050 


IIOS 1220 


ia6oti2ao|io7o 


950 


1020 990 ( 90QO 


.5(1.00 


960 


900(^50 


900 ilOO 


.130|IJ.0II70 


io6o[i09oiuool 96b7l 


16 [q^70 


860 


880 1-80 (780(900 


ii2o|ii8o laoo 


ii8o(ti6o 


i'5o|io333 


'7 


970 


800 1 7^0 ( 750) 75o|7«o(iooo|iioo(i30o|i240|i2Do 


1 icoji 1000 
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7- Depreflions below o in the S.W. quarter. | 


1 

s 


■ 1 =■ 1 3 1 4 1 ! 1 6 7 8 1 9 1 .0 
i6s| i6s| i6o|iss| ijol I40 130 ijo|iio|90 


II { 12 IRadn 
50 |jO^|_333 
iftoj 60 1 lOOC 
280 1 100| 166; 


400 


39o|38o|37o|3So|3io|3=°l'7° 


240|2I0 


3 


600 


5S0 1 s6o 1 530 1 soo 1 570 1 540 1 400 1 370 1 340 


4 

s 


740 [720 1 700 1 070 1 040 1 61s 1 SSO S30I490I44O 
800 ! 800 1 800 j 7 70 1 740 7io|66o 6lo|57o|5io 


370 1 160 1 2333 
440 230 1 300c 


6 


78o|790|7So|770|78o 8co | 790 700] 6,-0 1 590 


510 320 1 36c- 


~8" 


700I 7io|7ao)73oJ75o 750] 7So 750 
580 1 5QO 1 600 j 610 1*640 1 6fio I700 1 7:10 


730 1070 

73° 1 730 


600 400 1 433; 
7&0 520 1 5000 
V80 450 1 5667 


9 


♦qo|+90 49^|48o|490|5io|6oo|o50 


660 (393 


lo 


470 1 460 420 1 400 1 420 1 420 1 440 1 490 


580 590 


560(4301 633i 


*' 1 340 1 340 1 3+0 1 34o|340|33o| 3so| 390 


450 480 


3«of37o| 700c 


11 210 


220 1 230 1 250 1 250 1 250 


■801 310 


34° 370 


250 1 200 1 7667 


.3 .60 


'SO 


140 I20| 130 150 


aoo 1 230 1 v8o 1 290 


230 


no] 8333 


14 iio| 90 
•S SO 1 =0 


6d 20 1 20 20 1 70 [ 1 50 t 2 {0 1 240 
1 r" 1 4o"l i+O 1 iSo 


ISO 
90 


90 1 900!- 
50 1 966; 


16 1 30 1 90 


70 1 20 I10333I 


8. Depreflions below in the S.E. quarter. [ 


Ri.r. 


> 1 ^1 3 1 4 1 S 1 <> 1 7 1 8 1 9 1 1° 1 11 1 12 IRidii.l 


I 


.6, 


Ifi5| i6o|i55 


_^3_o|i+o|ijo 
4C0 1 390 1 380 


i20| no| ioo| 95 


40 1 3337 


1 


400 


400 1 403 1 4Q0 
6loJ6io!6.0 


3'.o 1 330 1 300 


250 


iiol 1000 


3 


600 


610 1 boo 1600 


SSo 550 


SOO 


440 [ 200 j 1667 
S')o"| ,o5| 2333 
660 1 400 1 3000 


4 


7to 


750 i 740 1 740 1 740 1 730 


720 

8io 


710 680 
"800 "790" 


640 
740" 




800 


800 


800 800 


800 1 800 


6 


780 


780 


780 780 


780 I 790 Boo 


840 SSo 


850 


7 so 


470| 3667 


7 


70a 


(190 


!»So byo 


6-0 (j8o !)JO 


720 820 


900 1 770 


520 [ 4333 


580 1 570 


570 S70 


S70 580 590 


600 <)&o 


800 


800 


<'0O| sooo 


9 


490 


490 


490 


490 


490 1 490 490 


500 520 


700 


880 


600 1 5667 


10 


470 




4SO 


440 


430I4JO 4"o 


430 470 


51° 


8S0 


6l-o|_6,j3 
780! 7000 


u 


340 


330 


320 


320 


320 1 320 


310 


350 420 


500 


7S0 


11 


210 


aoo 


200 


100 


aiojiio 


240 


2S0 390 


480 bSo 


900) 7667 


■« 


■ 20 


120 


■30 


130 


140 1 150 


180 


230 3CO 


450 600 
440 580" 


990 1 8333 
980 1 9000 


J4 


no 


no 


no 


120 


iii ISO 


160 


200 280 


■5 


70 


70 


70 


70 


90 120 


140 


170 24D 


4>0 570 


990 1 9667 


lb 


10 


so 


3°|40 


SO 80 


120 


160 220 


400 550 


loooj 10333 


■7 




10 1 40 1 90 


140 200 


340 S40 
300 500 


950)11000 

850)1 1667 


18 


1 5 1 40 


no|.;o 


'9 


1 SO 1 no 


280 470 


,8077^3 


*o 


j 20 1 ISO 


250 400 


70011300C 



72 



Mr. Hutton's Calculations to a/certain 



4. Altitudes above in the S.E. quarter. 


Rings. I 2 3 1 4 5 ^ 7 « 


|lladii. 


16 
17 


1 ^0 
80 


1 




10333 


60 so 
1 200 1 80 


so 


10 




I IOOO 


18 


220 


130 


70 30 






1 11667 


'9 3*"^ 3^^ ^^P ^4^ ^"^ 


120 


20 




12333 


20 450 410 380 


330 260 


180 1 100 20 1 U3000 


5 


. Depreffions below in the N.W. 'quarter. 


Rings. I 


2 3 


4 S 
S 


6 7 


8 


9 


10 


II 12 Kadii. 


6 

7 


70 
250 


40 15 
240 200 

450 4 so 










15 3667 


1 50 60 


30 










40 1 4.53'3 


8 


I460 


390 


260 200 


80 


10 






80 


1 5000 


9 
10 


700 


7CX5 b8o 


630 


520 
650 


4 SO 


340 170 15 1 120- 


1 S667 


84.0 8^0 


800 


780 


600 


520 380 180 


40 70 220 6333 


1 1 


960 1 920 


880 850 


7 so 

I820 


^50 630 1 550 350 


iS^ 1 300 


430 7000 


12 HOC 


iooo 95c 900 


780 780 


780 


580 


530 1 500 


560 7667 


13 113c 


1080 980 880 840 800 830 


860 


780 


690 630 640 8333 


14 |ii8o 1 100 


IOOO 900 900 900 910 940 870 


800 700 500 9000 


IS 


1 180 1 100 1 100 1080 1040 loso 1060 '070 1000 


870 


730 


300 


9667 


16 


1 100 1 ICO 1 100 1100 iioo 1 140 1150 1 150I1120 990 


760 


160 


10333 

IIOOO 


17 1 100 


1100 IIOO 1 130 1 180 1200 1200 120C 1 180 io8o| 700 1 80 


18 
19 


1 100 
1100 


IIOO 

1 1 20 
1220 


|i 150 I2CO 1200 1 150 IIOO IIOO 12001180 700] lob 


1166^ 


1220 1230 


1260 1200 


1200 


1200 1300 


1240 


620 60 1 23331 


20 |ll20 


1320 


I1360 


1390II390 


1390 


1340 1440 


1300 


620 50 


i^ooo 


6. 


Depref 


lions below in the N.E. quarter. 




Rlnp. 


I 1 2 3 1 4 5 


6 7 1 8 9 1 10 1 11 


12 Radii. 


6 


70 60 30 10 




1 






10 1 3667 


7 260 


240 200 


150 iioj 80 


30 40 


30 10 


1 ^0 1 4333 


8 


450 


440 1 400 


350 280] 180 100 


180 


180 190 


190 


40 5000 


9 


700 690 680 610 


520 400 1 200 


240 


290 350 1 330 


200 


5667 


10 850 

11 1020 


870 890 860 
1060 1070 10^0 


770 620 440 


300 380 1 


500 450 


370 


6333 


980 


8co 700 


520 


400 


650 600 


530 


7000 


12 


1 1 40 II 60 II 80 1160 


1 140 


1080 950 840] 


620 


720 8501 


700 


7667 


n 


1200 iigo 1200 1220 1240 


1 250 1 160 1050 900 1 840 


950 


«8o 1 8333 


14 
15 


1230 

IIOO 


'1 1 30 


1050 


1050 IIOO 


1220 1260 1220 1070I 950 


I020| 990 1 


9000 


960 


900 


S5O 900 IIOO 


1230 1 2 10 


II70 


1060 1090 1 100 


9667 


16 1 Q70 


860 1 880 1 -80 780 900 1 


1 120 1 180 


1200 


1 180 


1 160 


1 150 


10333 


J7 


970 


800 760 750 750 780 IOOO 1200 


1300 


1 240 


I2O0| 


llOO 


IIOOO 
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7* I^^pi*^ffio"s below o in the S.W. quarter. | 


Rk.p. 


,| 2| 3 1 4l Si 6 1 7| 8 1 ,|,o|,>|.2|R»<,n| 


t 
2 


i6s 1 165 
400T390 


160 1 i55|»io| 140I i30^i20|iio| 90 1 so I 10 

380 1 370 1 3S3 1 no 1 300 1 470 1 140 1 i 'o 1 160 1 60 


333 
100c 
166; 
l333 

300c 




600 1 580 


s6q|53o|soo)s7o 


SW 

sao 


400 1 370 1 340 1 280 


■ 00 

160 


740 1 720 1 700 


070 1 640 1 610 


SiO 


490 440 


370 


s 


8cxi 1 8oo 1 8do 


77o|74o|7io|'>(Joi6io 


570 S'O 


440 1 230 


6 


730 1 790 780 1 770 1 78ojSco| 7gol 700 1 650 1 590 1 510 1 120 


-i6t>- 


7 

s 


70o|7tD 720(730 
580"! 590 600 1 610 


750 7i'= 1 7jo| 750 1 730 1*170 
640 6f)of70o|72o| 730 1 730 


6co 1 +CO 

yso 1 S20 


433., 
5000 
^5667 

16131 

700c 


9 


4.90 400 493 


483 


490 sio| 600I bso| 660 


t.9= 


,80 


4 so 


.0 


470 460 420 


400 


420 ! 420 


440 1 4yo 1 s8o 


«o 


S6o 

r38o 


«_o 

370 


' > 1 340 


340 1 340 1 :^4o 


340 330 


3So|39o|4io 


.80 


13 l^io 


220 1 230 1 250 


250 2SO 


£8^|_3j^0|j_4O 

300 1 230 1 780 


37^ 250 


200 


7667 
833^; 


13|,6o 


■so 


140I i2o| 130] 150 


290 1 230 


no 


■4 


1 10 1 90 


60 1 :io 1 20 1 20 


70 


. 50 1 230 


240 1 1 50 1 90 


900: 
J,66; 
■0333 


IS 


_So 1 30 1 1 i 1 1 


40 140 180 1 QO 


20 


I6 1 1 30 1 90 1 7<5 


8. DeprefTions below o in the S.E. quarter- 




eLingf. 


' 2 1 3 1 4| 5 1 M 7 8 1 9 1 10] ,ij 12 


Railii. 


t 


165 165I HJo| iS5| 150I 14OI1JO I20| iioj ioo| 0? 1 40 


3334 


2 


400 400 
600 610 


403 1 400 ] 4C0 1 3yo 


380 1 3I.0 

600 1 s8o 


330 


,00 


230 [ 110 


1000 
.667 


6io| 6io| 6io|6oo 


S?o 


soo 


440 1 200 


4 

s 


760 
800' 


750 1 740 


74o|74o|73o|72o)7io|bSo 


(.40 
740 


500 1 ,00 

660 ( 400 


_2333 
3000 


800 800 


800 1 800 1 Sao 1 800 


80Q t 7qo 




780 


78o 780 


780 1 780 7qo]Soo 


840 


880 


8 so 


7» 


470 


,667 


7 


7 00 


6<)0 


t)ilo 


670 1 670 ii8o|6.jo 


720 


820 


900 1 7 70 


Sio 


4333 


8 


580 


J2S_ 


S70 


S7o| S70 sKo| S9o|6oo 


hbo 


800 


800 


boo' 


5000 


1 


490 


4^0 


49" 


490 1 490 1 4go 1 490 


(00 


520 


700 


880 


600 


S6'>7 


10 
11 


470 
340 


i6o 


4iO 


44o|430|4-^0|4'o 


410 


470 


(30 


880 


6!!0 


6333 


33° 


310 


320 


320 1 320 


330 


HO 


420 


Soo 


780 


780 


7000 


11 


210 


200 


200 


200 


210[ 220 


240 


280 


390 


480 


b8o 


qoo 


7607 


'I 


lao 


no 


130 


.30 


_i40jiS0. 
130 no 


180 


no 


300 


4S0 


600 
78^ 


9GO 


8313 


IS 


no 


no 


no 


110 


,60 


200 


280 


440 


980 I g00o| 


70 


70 


70 


70 


go 120 


140 


170 


240 


420 


S70 


990 


9667 


lb 


10 


20 


3° 


40 


SO 80 


120 


160 


220 


400 


330 


1000 


10333 


-li- 




10 1 40 


90 


140 


200 1 340 


S40 

(OO 


9SO|irooo 
"8soIn667 


1 s 


40 1 lla| 170J300 


19 


1 SO 1 150 280 




-80 ii.i.r. 


fto 


1 20 1 150 350 


400 


700 


I300c| 



J4 Mr. button's Calculations to a/certain 



g. Altitudes above p in the N.W. quarter. | 


R™. I "2 


Radii.l 


4 


10 


=333^ 


5\ 


15 


3000 


61 


>S 


3667 


7 'S 


4333 


S IS 


5000 


lo. Altitudes above p in the N.E. quarter. [ 


u^ 


li K.dii. 


1 


lo 3334 


2 


10 lOOO 


^ 


.5 1 1667 


4 


6o 


2331 


s 


40 


^000 


6 1 Is 


3667 


1 1. Altitudes above p in the S.W. quarter. 1 


Ri„p. 


I 


2 3 1 4 I 1 6 1 7 1 8 1 9 1 10 


II 12 Kadii- 




no 


no 105 1 10s 100 1 100 1 95 1 95 I 90 1 85 


80 35 333J 


a 


^40 


330 3=0 1 310 300 


ago 1 2H0 


270 1 240 1 210 


170 90 1000 


J 


6bo 


660 bbo 1 G60 660 


650 1 620 


S90I570I5IO 


370 170 


.667 


4 


lOiO 


1030 


I04o|ioso 
,28ol,V,o 


lOtO 


i07o|i03o|9qo|Qiol8oo 


tj6o 2;o 


=313 


( 


io?o 


I no 


.3201,3301. 3Io|.j8o]i27o|.. 70 


910 460 


3000 


6 


670 


770|8lo|90O 


930 1 9SO 


I02o|i07o|ii5o|ia7o|iioo 600 


3667 


! 


280 


340 


420 


480 


S40 


570 


620 1 670 720 \ 880 1050 660 


4333 


.8 


20 


50 


90 


140 


2.0 


aqo 


350 1 4.30 4-yo| 570 7^0 57° 


Sooo 


9 














120 310 2701^20 $70 270 


S607 


lO 














90 1 150 180 1 20 


6333 


'? 














140 1 170 j 


9667 


16 














140] 470 30 


"Ty^ 


if333 
11000 


■7 














130] 500 170 


|8 












20 1 70 1 60Q 400 1 400 


.1667 


■9 
20 


150] 150] I4OI I20 


^O 


fco 


30 70 1 170 1 500 1 500 1 500 


12333 
13000; 


160 


17Q 


210 


220 


200 


.V° 


100 1 130117014001 


600 


600 



the ifuan Denftty of the Earth. 
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1 2. Altitudes above p in the S.E. quadrant. [ 


B..,. 
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fore be found by barely dividing the given perpendicular 
by the baie; and if we find this number in its jHDper 
column in a table of fines and tangents, on the fame line 
with it, in the column of fines will be found the fine of 
the angle required. This feems to be the eafieft way of 
rcfolving all the triangles when computed feparately. 
But as the labour would be very great in performing (b 
many hundreds of arithmetical divifions. Sec. either by 
logarithms, or by the natural numbers, infiead of it, the 
following method, propoied by the Hon. Mr. ca vENDisHf 
was adopted, as being a much more expeditious way of 
obtaining the fum of the fines required. This method 
confifts in finding, in a very ea{y manner, the difference 
between each tangent and its correfponding fine, from 
the given bafe and perpendicular, and then, fubtracfting 
the fum of all the differences from the fiim of the tan- 
gents, there remains the fum of the fines. Several ad- 
vantages attend this method of proceeding: for, to find 
the tangents we need not divide every perpendicular fe- 
parately by its correfponding bafe, but add together all 
the perpendiculars that are on the fame line, and divide 
their fum by their common bafe, which is the radius of 
the middle of the ring, and is placed on the fame line 
with them towards the right-hand; for thus we ftiall 
have little more than a twelfth part of the number of 

divifions 
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divifions to perform : alfo a great part of the tangents are 
{o fmall that they do not at all differ from their corref- 
ponding fines in the number of decimals that it is necef- 
fary to continue the computations to, in all which cafes 
the trouble of finding the differences is faved; and thofe 
differences which it is neceffary to compute, are very 
readily found by infpedtion on a peculiar kind of Aiding 
rule, which was conftrudted for this purpofe, and of 
which I fliall here give a Ihort defcription. 

This rule (the figure of which is reprefented tab. x. 
fig. 2.) confifts of three columns; one marked af or 
bafe, which is moveable by Aiding it up or down by th^ 
fide of the other two which are fixed ; of thefe two the one 
contains the perpendicular altitudes or depreflions, and 
the other the differences between the fines and tangents 
to the radius i . To conftrudl the numbers on this rule ; 
form a feries of logarithmic tangents in arithmetical pro- 
greffion, of which the firft term is 9*000, and the com-^ 
mon difference '025; take out from a table the cor- 
refponding natural tangents, and place them in the firft 
and fecond columns of bafe and perpendicular, and the 
difference between the natural fine and natural tangent 
in the laft column, marked Dift^ To make ufe of this 
fcale ; look out any bafe and its correfponding perpendi- 
cular in their proper columns, that is, any radius and its 

cor- 
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correfponding altitude or depreffion in the fixteen fore- 
going tables, without regarding the number of places 
they contdn, and bring them to correfpond; then, if 
they cxjnfift of the fame number of places, the lower in-» 
dex on the Aider or firft column, or that anfwering to 
1000, points to the true diflference between the fine and 
tangent in the laft column ; but if the number of places 
in the bafe exceed that in the perpendicular by one, the 
upper index loo muft be ufed. And in this manner 
were computed all the differences which were neceflary 
to be found, and placed in their proper fquares formed 
by the meeting of the horizontal and vertical lines, or 
rings and fedtoral fpaces, in the following fet of fixteen 
tables, which correfpond to the foregoing fet of fixteen 
each to each, according to the number of them, and 
marked at the tops with the numbers i, i, 3 8cc. to 1 2 
for the fedtoral fpaces, and with the number of the rings 
on the left-hand margin. Alfo, in the column imme- 
diately after the number of the ring are placed the radii 
which formed the laft column in the preceding tables ; 
then, in the third column, are placed the fums of the al- 
titudes and depreflions found in each line of the former 
tables ; and, in the next column, the quotients fou»i by 
dividing the numbers in the third by thofe in the fecond 
column; thefe quotients are the fums of the tangents 

belonging 
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belonging to each line or ring, which being all added 
together, their total is placed at the bottom of the co- 
lumn : after this follow the twelve columns of differences 
before mentioned, which are fucceeded by one more co- 
lumn containing the fums of each line of thefe differ- 
ences, which fums being added together, their total is 
placed at the bottom of them; and this total is the fum 
of all the differences between the fines and the tangents, 
and it is therefore fubtradled from the total of the tan- 
gents in the fourth column, when there remains the fui^ 
of the fines as required. 
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2. For the fiim of the fines above o in the N.E. quaner.| 
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5. For the fines below o in the N.W. quarter. | 
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Having now obtained the fums of the lines for the 

feveral quadrants, the next bufinefs is to coUedt them 

together, and dedudt the negatives from the affirmatives. 

And this may be done either for each obfervatory fepa- 

rately, or for both together. I fliall do them feparately, 

in order thereby to difcover alfo the ratio of their effedts* 

And, firft, for the Southern obfervatory o. 
Affirmatives* Negatives. 

I . . H-79S N.W.|^j_ 3 • . »-374 S-W. y^^ 

2.. 19*792 N.E. J 4 . . o*375 S.E. J 

7 .. 24*806 S.W. T 5. . 13*534 N.W.i 

8.. 29-213 S.E. J P' 6..i2*3s6N.E. J^^P* 

98*606 = fum of affirm. 28*639 ^um, 

28*639 = ^""^ o^ negat. 



69*967 = eflfe6tive fum of the lines for o. 

Secondly, for the Northern obfervatory p. 
Affirmatives. Negatives. 

II . . 25.078 S.W. T - . 9. . 0*019 N.W.i . . 

12.. 20*261 S.E. J ' io..O'090 N.E. J 
13.. 25*637 N.W.i- 15.. 2*774 S.W. In 

i4..26*i6iN,E. J^^P* i6..5*6ioS.E. ] ^^' 

97* 1 37 = fum of affirm. 8*493 

8*493 = fum of negat. 

88*644 = effeftive fum of the fines for p. 
69*967 = the fame for o. 



158*611= the fum of the fines for both obferv. 

M From 
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From thefe numbers it appears, that the effeft of the 
attradlion at the Northern obfervatory is to that at the 
Southern one, nearly as 70 is to 89, or as 7 to 9 nearly. 
This difference is to be attributed chiefly ta the effecSt of 
the hills on the South of the Southern obfervatory, which 
were confiderably greater and nearer to it than thofe on 
the back of the Northern obfervatory. For although the 
Southern obfervatory was placed 273 feet above the level 
of the Northern one, which removed it confiderably 
more above the center of gravity of the hill than the lat- 
ter was, it was at the fame time placed confiderably 
nearer than the other to the middle in a horizontal direc- 
tion ; fo that probably the one diflFerence nearly balances 
the other; and accordingly we find that the fum of the 
affirmative altitudes for o is 44*587, and of thofe for p 
45*339, which differ by only a 45th part nearly. 

It only remains now to multiply the fum of the fines 
by the common breadth of the rings, and by the con^mon 
difference of the fines of the angles made by the meri- 
dian and the feveral radii. It has already been obferved, 
that the former is 666j, and the latter -j^; therefore 
•j^ X 666j = *-g2 = i^ is their produiSt: confequently, 
I58*6i 1 X ^-^=: 881 ly nearly, is the fum of the two op- 

pofite attractions made by the hill, &c, at the two obfer- 
vatories. 

In 
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In order now to compare this .attraflion with that of 
the whole earth, this body may be confidered as a fphere, 
and the obfervatories as placed at its furface ; fince the very 
fmall diflFerences of thefe fuppoiitions from the truth, are 
of no confequence at all in this comparifon. Now the at- 
tradlion of a fphere, on a body at its furface, is known to 
be = 1^^^ where a? is = the diameter of the fphere, and c = 
3 • 1 4 1 6 = the circumference of the circle of which the dia- 
meter is I . But ^^ is = the circumference of the circle to 
the diameter^; and therefore the attradtion of a fphere will 
be exprefled by barely y of its circumference; which is a 
theorem well adapted to the computation in hand. The 
length of a degree in the mean latitude of 45% is 57028 
French toifes (feep, 327. Phil, Tranf. 1768): and the 
fame refult nearly is obtained by taking a mean among 
all the meafures of degrees there put down, that mean 
being 57038 toifes. .1 Ihall therefore ufe the round 
number 57030 as probably nearer^ the truth. This 
number being multiplied by 6, the produdt 342180 
fliews the number of French feet in one degree; but, 
by p, 326. of the fame volume, the lengths of the Paris 
and London feet are as 76*734 to 72, that is, as 4*263 
to 4; therefore, as 4 : 4*263 :: 342180 : 364678 = the 
Englifh feet in one degree; and this being multiplied by 
360 the whole number of degrees, there refults 

M 2 T31284080 
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131284080 feet for the whole circumference, which 
are equal to 248647 miles, making 69-13^ to a degreee in 
the mean latitude. Laftly, } of 131 284080 give 
87522720 for the meafure of the attraiSlion of the 
whole earth. 

Confequently, the whole attraction of the earth is ta 
the fum af the two contrary attractions of the hill, as the 
number 8752272a to 8811}, that is, as 9933 tai very 
nearly, on fuppofition that the denfity of the matter ii> 
the hill is equal to the mean denfity of that in the whole 

earth. 

But the Aftronomcr Royal found, by his obfervations,^ 
that the fum of the deviations of the plumb tine, pro- 
duced by the two contrary attractions, was 1 1*6 feconds. 
From hence it is to be inferred^ that the attraction of the 
earth is actually to the fum of the attractions of the hill,^ 
nearly as radius to the tangent of 1 1'6 feconds, that is,, 
as I to •000056239, or as 17781 to i; or as 1780410 i 
nearly, after allowing for the centrifugal force arifing 
from the rotation of the earth about its axis. 
j^ Having now obtained the two refults, namely, that 

which arifes from the aCtual obfervations, and that be- 
longing to the computation on the fuppofition of an 
equal denfity in the two bodies, the two proportions com- 
pared muft give the ratio of their denfities, which is 

that 
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that of 1780410 9933, or 1434 to 800 nearly, or almoft 
as 9 to 5. And fo much does the mean denlity of the 
earth exceed that of the hill. 

Thus then we have at length obtained the object 
which we have been in queft of through the very labo- 
rious calculations that have been defcribed in this paper, 
and in the furvey and meafurements from which thefe 
computations were made ; namely, the ratio of the mean 
denlity of all the matter in the earth, in com parifon with 
the denfity of the matter of which the hill is compofed. 
And that ratio we have found to be equal to the ratio of 
9 to 5. And, for the reafons before mentioned, I think 
we may reft fatisfied, that this proportion is obtained to a 
confiderable degree of proximity, probably to within the , 
fiftieth part, if not the hundredth part of its tnie mag- 
nitude. Another queftion, however, ftill arifes, namely^ 
what is the denfity of the matter in the hill? Is its mean 
denfity equal to that of water, of fand, of clay, of chalk, 
of ftone, or of fome of the metals ? For, according to 
the matter, or diflferent forts of matter, of which it is 
formed, and according as it is conftituted with or with- 
out large vacuities, its mean denfity may be greater or 
lefs, and that in a degree which is not certainly known. 
A confiderable degree of accuracy in this point could 
only be obtained by a clofe examination of the internal 

ftrudure 
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ftrudture of the hill. And the eafieft method of doing 
this would be to procure holes to be bored, in feveral 
parts of it, from the furface to a fufficient depth, after 
the manner that is practiced in boring holes to the cx)al 
mines from the furface of the ground ; for by fuch ope- 
ration it is known what kind of ftrata the borer is pafled 
through, together with their dimenlions and denlities. 
The proper mean among all thefe would be the mean 
denfity of the hill, as compared to water or to any other 
limple matter; and thence we Ihould obtain the compa- 
rative denfity of the whole earth with refpe(5l to water: 
but in the prefent inftance, we muft be fatisfied with the 
ultimate arifing from the report of the external view of 
the hill ; which is, that to all appearance it confifts of an 
intire mafs of folid rock. It is probable, therefore, that 
we Ihall not greatly err, if we aflume the denfity of the 
hill eqiial to that of common ftone ; which is not much 
different from the mean denfity of the whole matter near 
the furface of the earth, to fuch depths as have a(5tually 
been explored either by digging or boring. Now the 
denfity of common flone is to that of rain water as 2j to 
I ; which being compounded with the proportion of 9 
to 5 above found, there refults the ratio of 4^ to i for 
the ratio of the denfities of the earth and rain water; 

that 
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that is to fay, the mean denlity of the whole earth is 
about 4j times the denlity of water. . 

To what ufeful purpofes the knowledge of the mean 
denfity of the earth, as above found, may be applied, it 
is not my bufinefs here to fhew, I fhall therefore put an 
end to this paper with a refle<5lion or two on the premifea 
before delivered. Sir isaac newton thought it proba- 
ble, that the mean denfity of the earth might be five or 
fix times as great as the denfity of water; and we have 
now found, by experiment, that it is very little lefs than 
what he had thought it to be : fo much juftnefs was even 
in the furmifes of this wonderful man ! Since then the 
mean denfity of the whole earth is about double that of 
the general matter near the furface, and within our 
reach, it follows, that there muft be fomewhere within 
the earth, towards the more central parts, great quantities 
of metals, or fuch like denfe matter, to counterbalance 
the lighter materials, and produce fuch a confiderable^ 
mean denfity. If we fuppofe, for inftance, the denfity of 
metal to be i o, which is about a mean among the vari- 
ous kinds of it, the denfity of water being i, it would 
require fixteen parts out of twenty-feven, or a little more 
than one-half of the matter in the virhole earth, to be 
metal of this denfity, in order to compofe a mafs of fuch 
mean denfity as we have fovmd the earth to poflefs by 

our 
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our experiment : or ^ or between j and i of the whole 

magnitude will be metal ; and confequently jf , or nearly 

J of the diameter of the earth, is the central or metalline 

part. 

Knowing then the mean denfity of the earth in com- 
parifon with water, and the denfities of all the planets 
relatively to the earth, we can now aflign the propor- 
tions of the denfities of all of them as compared to wa- 
ter, after the manner of a common table of fpecific gra- 
vities. And the numbers expreffihg their relative den- 
tities, in refpedt of water, will be as below, fuppofing the 
denfities of the planets, as compared to each other, to be 
as laid down in Mr. de la lande's aftronomy. 

Water . . . i 

The Sun . . i^j 

Mercury . . 9^ 

Venus . J, . 5fi 

The earth . , 4^ 

Mars .... 3y 

The Moon . . 3-i. 

Jupiter . . . iJ- 

Saturn ... 11 
Thus then we have brought to a conclufion the com- 
putation of this important experiment, and, it is hoped, 
with no inconfiderable degree of accuracy. But it is the 

firft 
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firft experiment of the kind which has been fo minutely 
and circumftantially treated; and firft attempts are fel- 
dom fo perfect and juft as fucceeding endeavours after- 
wards render them. And, beiides, a frequent repetition 
of the fame experiment, and a coincidence of refults, 
afford that firm dependance on the conclufions and fatif- 
fa6tion to the mind, which can fcarcely ever be had from 
a fingle triaj, however carefully it may be executed. For . 
thofc reafons it is to be wifhed, that the world may not 
reft fatisfied barely with what has been done in this in- 
ftance, but that they will repeat the experiment in other 
fituations, and m other countries, with all the care and 
precifion that it may be poflible to give to it, till an uni- 
formity of conclufions ftiall be found, fufl5cient to efta- 
blifli the point in queftion beyond any reafonable pofll- 
bility of doubt. What has been already done in the pre- 
fent cafe will render any future repetition more eafy and 
perfeft* But improvements may be made, perhaps both 
in the mode of computation and in the furvey; in the 
latter, efpecially, there certainly may* Some improve- 
ments of this kind I have hinted at in fome parts of this 
paper, which with others I Ihall here cx>lle(St together, 
that they may readily be feen in one point of view. They 
are principally thefe. Procure one bafe, or more if con- 
venient, very accurately meafured, in fuch fituation, that 

N as 
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as many more points as poflible in the furvey may be 
feen from it. A flume as many principal or eminent 
points and objects as may be proper and convenient ; and 
from each one of them meafure the angles formed by 
all the reft that can be feen, both horizontal and vertical 
angles, and repeat thefe obfervations, if convenient, with 
the inftrument varied or reverfed, taking the means 
among the feveral quantities of each angle. Take then 
as many fedtions of the ground, and as far extended in 
all diredlions, as the time and circumftances win poffibly 
admits Of the fe6lions, thofe that are horizontal or level 
are the beft, as they require no calculation; procure 
therefore as many as poflible of them. In vertical fee- 
tions obferve the vertical angles, not in the plane of the 
ie6lion, but at fome other point of which the bearing is 
alfo taken from the beginning of the fcdtion Une, and 
where the horizontal angles of the poles are taken, for 
the reafons before mentioned in p. 35. And it will be a 
Hill farther convenience if the fedlion be made in fuch 
diredtion as to form a right angle with the line drawn to 
the point or ftation from whence the vertical angles of 
the poles are obferved, as may be feen from what is faid 
in p. 33. It might, perhaps, be proper to make fome 
experiments on a valley inftead of a hill, taking two ob- 
fervatories at the two oppofite fides of it, both for the 

greater 
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greater variety in this interefting problem, and becaufe 
alfo the furvey would be more eafily made, on account 
of the ground being more in view at each ftation than in 
the cafe of a hill, which generally hides more than half 
the compafs from the obferver. In computing the rela- 
tive altitudes of all the principal ftations,' let the opera- 
tions be performed mutually both backwards and for- 
wards, that is, from both of every two objedls, having 
for that purpofe obferved at each of them the vertical 
angle of the other, namely, both the angle of elevation 
and the angle of depreflion, and take the mean between 
the two computed differences of altitude; for this ex- 
eludes the neceility of making the proper allowances for 
refradion, and for the curvature of the earth ; lince the 
effect of each of thefe is balanced and corrected by that 
of the counter obfervation* But as to thofe points ia 
the fedlions which are far diftant from the obferver,. 
and where great accuracy is required, it may be proper 
to make the allowance for refradlion and curvature, as 
there is generally no back obfervation by which their 
eflfeds may be balanced. Thefe are the chief hints 
which at prefent occur to me, befides the general infor- 
mation to be derived by the computer from the perufal 
of the modes of computation that have been defcribed in 
this paper. As to the furveyor, he will ftrike out other 

convenient 
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convenient ways of meafurement adapted to the dicum- 
fiances with which the nature of the furvey may hap- 
pen to be attended. 

A map of the country about Schehallien is hereunto 
annexed, to convey a general idea of the nature of the 
ground, and for the better illuftration of the defcription 
given in the former parts of this paper. This map is tab. 
XI. 
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